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ABSTRACT 

A general  description  of  the  Flight  Safety 
Prediction  Technique,  and  the  documentation 
associated  with  its  specific  application  to  the 
T-39A  aircraft,  are  presented. 
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* This  glossary  presents  general  definitions  of  terms  used  In  this  report.  The 

reader  will  find  certain  of  these  terms  defined  in  somewhat  different  words  In  the 
text,  depending  on  the  context  of  the  discussion;  but  the  meaning  will  be  consistent 
with  the  definitions  given  here. 

A numerical  index  of  the  significance  of  equipment  failure 
history  relative  to  aircraft  safety.  As  an  analysis  param- 
eter, it  can  be  considered  proportional  to  the  likelihood  that 
an  item  will  fall  and  thereby  cause  an  accident.  It  is  the 
product  of  the  failure  probability  and  the  sensitivity  of  an 
equipment  item. 

Dependency  — See  link  dependency. 

FSPT  - Flight  Safety  Prediction  Technique 

i Flight  Phases  - Discrete  segments  of  the  aircraft  mission  profile.  For 

' present  purposes,  the  flight  phases  are  defined  as  1)  startup 

and  taxi,  2)  takeoff,  3)  climb,  4)  cruise,  5)  tactics, 

1 6)  cruise,  7)  descend,  8)  land,  and  9)  taxi  and  shutdown. 

i Functional  Analysis  - The  determination  of  equipment  relationships  to  aircraft 

i functions  performed,  and  the  interrelationships  of  these 

I functions. 

Functional  Link  — The  simplest  form  of  functional  relationship  In  which  one 
I function  is  dependent  upon  the  next  lower  function. 

Functional  Path  - The  compilation  of  functional  links.  In  sequence,  through 

which  a function  Is  identified  as  being  dependent  upon  another. 

Link  Dependency  - The  conditional  probability  of  a dependent  function  falling, 

given  that  a particular  function  It  is  dependent  upon  has  failed. 

Provisory  Condition  - Operation  of  an  aircraft  In  a mode  or  environment  such  that 

the  safety- related  importance  of  certain  equipments  Is 
increased.  Provisory  conditions  Include  icing,  night  flight, 
supersonic  flight,  etc. 

Provisory  Factor  — The  probability  that  a provisory  condition  exists.  Also  used 

to  describe  the  coded  notation  used  to  indicate  that  a functional 
relationship  is  dependent  on  a particular  provisory  condition. 

I Safety  Sensitivity  - Same  as ’’sensitivity”. 

( 

I 


Criticality 


V 


Sensitivity 


- A quantltatlvo  Indication  of  the  denree  of  safety  detiradation 
to  he  expected  If  u function  or  pu>ce  of  e(|uipment  fails.  'I  he 
more  specific  terms  are  "funelional  sensitivity"  or  "e()uip- 
ment  item  sensitivity". 

Sensitivity  Path  - A particular  sequence  of  functional  dependencies  (hcRinninn 

at  the  top  level  in  the  hierarchical  structure)  through  which 
a function  or  piece  of  equipment  dei  ives  a sensitivity  value. 
Equipment  and  functional  sensitivitv  values  are  often 
derivtxi  through  several  such  sensitivitv  paths. 
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This  document  Is  part  of  a Ifi-volume  report  describinR  the  application  to 
specific  aircraft  types  of  ARINC  Research  Corporation’s  Flight  Safety  Prediction 
Technique  (FSPT).  The  technique  was  developed  under  previous  Air  Force  contracts 
(see  Appendix  A),  The  present  effort,  undertaken  in  1972  under  Contract  F09603-72- 
A-1132-SA01,  has  led  to  further  refinement  of  the  FSPT  through  its  broad  application 
to  many  different  types  of  aircraft.  The  flight  safety  models  generated  for  these  air- 
craft are  presented  in  individual  volumes  of  this  report  as  follows: 


Volume 

Aircraft 

Volume 

Aircraft 

2 

T-38 

10 

B-52G,  H 

3 

F-lllA,  FB-lllA 

11 

C-130E 

4 

A-7D 

12 

KC-135 

5 

F-4D,  E;  and  RF-4C 

13 

C-5A 

6 

C-141 

14 

T-39 

7 

A-37 

15 

F-15 

8 

0-2 

16 

UH-IN  Helicopter 

9 

OV-10 

Volume  16  will  document  the  results  of  a feasibility  study  of  extending  the  FSPT 
to  rotary -wing  aircraft. 

Volume  1,  an  overall  summary  of  the  contractual  effort,  will  be  issued  at  the 
end  of  the  contract  period. 
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The  Flight  Safety  Prediction  Technique  developed  by  ARINC  Research 
Corporation  provides  for  assessment  of  the  impact  on  flight  safety  of  the  failure  of 
specific  items  of  equipment  within  an  aircraft.  In  the  FSPT,  mathematical  modeling 
procedures  are  applied  for  processing  aircraft-equipment  failure  data  to  yield  a 
quantified  index  ranking  safety-related  problems  on  the  basis  of  their  likelihood  of 
occurrence  and  the  resulting  degradation  in  the  aircraft's  capability  to  fly. 

The  ranking  factor  is  called  "criticality",  which  in  its  simplest  form  is  the 
product  of  the  failure  probability  and  flight-safety  sensitivity  of  an  equipment.  (A 
more  detailed  definition  appears  in  Section  2 and  Appendix  B.)  The  failure  probability 
inputs  are  from  basic  failure-data  sources,  AFM  fi6-l  and  (>5-110.  The  sensitivity 
estimates  are  derived  by  the  following  process: 

a.  Systematic  analysis  of  aircraft  functions  to  determine  those  essential 
to  flight  safety 

b.  Identification  of  the  hardware  required  to  perform  these  functions 

c.  Evaluation  of  the  safety  significance  of  the  hardware  in  performing 
these  essential  aircraft  functions. 

The  criticality  values  resulting  from  this  approach  provide  a relative  ranking  of 
all  malfunctions  with  respect  to  their  safety  significance.  Figure  1-1  is  a simplified 
example  of  how  three  equipment  Items  would  be  ranked  on  the  combined  basis  of  their 
failure  probability  and  safety  sensitivity.  This  figure  Illustrates  an  example  in  which 
item  A has  the  highest  failure  probability,  but  due  to  the  low  sensitivity  value  is 
ranked  below  item  B in  criticality. 

The  methodology  has  the  ability  to  rank  malfunction  problems  currently  and 
continuously  by  their  accident  potential.  This  ranking,  based  on  criticality  assess- 
ment, can  provide  the  basic  parameters  necessary  for: 

a.  Identifying  equipment  Items  whose  failure  history  and  application  pose 
a threat  to  aircraft  safety 

b.  Quantifying  the  degree  of  threat  associated  with  each  equipment  item 

c.  Evaluating  and  tracking  the  effectiveness  of  modifications  to  the  aircraft 

d.  Assessing  safety  benefits  versus  the  cost  of  proposed  aircraft  modifica- 
tions, changes  in  maintenance  or  flight  operations,  or  alternative  aircraft 
designs. 
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FlKiiro  1-1.  Kxamplc  of  Criticality  RankinR  Process 


la  this  report,  Sectloa  4 aad  Appeadlx  D pertala  specifically  to  the  T-39A  air- 
craft. The  remaia(ier  of  the  documeat  provides  support  laformatioa  that  will  make  the 
T-39A  data,  aad  the  method  by  which  the  data  were  obtalaed,  more  mcaaiagful  to  the 
Rcaeral  reader. 

Seclloa  2 preseats  an  overview  of  the  dovelopmeat  and  utilization  of  the  Flight 
Safety  Prediction  Technique;  Section  3 discusses  the  steps  associated  with  generating 
a safety  model  for  calculating  the  safety  criticality  of  various  equipments  of  an  air- 
craft; and  Section  4 describes  how  the  safety  models  for  the  T-39A  aircraft  wore 
developed.  Appendix  A summarizes  the  contractual  history  of  the  development  of  the 
FSPT;  Appendix  P discusses  mathematical  considerations  vmdcrlylng  the  technique; 
Appendix  C discusses  FSPT  documentation  methods;  and  Appendix  D presents  func- 
tional relationship  diagrams  for  a listing  of  keypunch  cards  that  comprise  the  safety 
model  documentation  for  the  T-39A  aircraft. 
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METHODOLOGY  UNDERLYING  FSPT 


This  section  discusses  the  basic  definitions  and  mathematical  concepts 
associated  with  the  Flight  Safety  Prediction  Technique. 

2. 1 DEFINITION  OF  SAFE  AIRCRAFT 

To  develop  a relative  measure  of  aircraft  safety  degradation  resulting  from 
specific  equipment  malfunctions,  it  is  first  necessary  to  define  a "safe"  aircraft.  For 
purposes  of  tte  FSPT  assessments,  an  aircraft  is  assumed  to  be  in  a safe  condition  if 
it  is  operating  within  its  prescribed  performance  limits.  Conversely,  an  aircraft 
operating  (or  about  to  operate)  outside  these  limits  is  considered  to  be  unsafe  — in  a 
condition  where  property  damage  and  personal  injury  may  result. 

The  safety  prediction  methodology  does  not  attempt  to  assess  the  extent  of 
possible  personal  Injury  or  aircraft  damage  resulting  from  an  unsafe  condition. 

Neither  does  the  concept  consider  ejection  capability,  parachutes,  life  rafts,  etc. , 
which  do  not  make  an  aircraft  safer  per  se  but  provide  for  the  survivability  of  the  air- 
crew when  the  aircraft  is  unsafe.  Collision  is  also  excluded  from  consideration 
because  of  the  complexity  of  the  interrelationships  between  pilot,  aircraft  equipment, 
ground  surveillance,  and  traffic  density. 

2. 2 MATHEMATICAL  BASIS  OF  FSPT 

The  probability  of  an  accident  caused  by  the  failure  of  an  element  can  be 
expressed  as  the  probability  of  the  element  failing  multiplied  by  the  conditional  prob- 
ability that  the  failure  of  the  element  will  cause  an  accident.  Stated  in  equation  form: 

P(7f,i)  = Pa)P(^|j) 

where 

P(.>ftj)  = Probability  of  an  accident  due  to  failure  of  just  the  j^^  element* 

P(J)  = Probability  that  element  j fails 

Pi’A  li)  = Probability  of  an  accident  given  that  the  j*-^  element  fails. 

This  equation  reflects  the  basic  relationships  addressed  in  the  FSPT  where: 

a.  The  criticality  of  the  j^^  element  is  an  estimate  of  P(>^ , j) 

b.  The  sensitivity  of  the  j^  element  is  an  estimate  of  P(  /t\i) 

*In  this  and  subsequent  discussions,  unless  otherwise  stated,  expressions  such  as 
"failure  of  the  J^h  element"  should  be  Interpreted  to  mean:  failure  of  only  the  jth 
element,  assuming  all  other  elements  are  not  failed. 
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Because  an  element's  effect  on  safety  may  depend  on  the  mission  phase  (see 
Section  3.2.1),  the  above  model  can  be  expanded  to: 


IN 

IM  >/..))  --  A I’i 
1^1 


where 


N = Number  of  mission  phases 

P.  . = Probability  that  the  element  is  failed  in  the  phase 

P(>4|  jfh)  = The  element's  sensitivity  in  the  phase. 

To  identify  the  importance  of  discrete  elements  to  aircraft  safety,  a flight 
profile  consisting  of  nine  distinct  phases  was  defined.  The  phases  are  discussed  in 
Section  3.2.1. 

To  utilize  equation  2,  it  was  necessary  to  develop  a method  for  obtaining  the 
values  of  P(/^  I j,k),  the  probability  that  a malfunction  in  element  j during  mission 
phase  k will  result  in  an  accident.  This  method  in  turn  requires  the  estimation  of  two 
parameters:  the  probability  of  accident  if  a major  function  is  not  available  during 
each  mission  phase,  and  the  dependence  of  the  major  function  on  subfunctions  and 
elements  during  each  such  phase*.  Each  function  and  equipment  item  thus  derives 
its  sensitivity  value  from  its  relationship  to  the  major  function(s)  dependent  upon  it. 

2. 3 SENSITIVITY  ASSIGNMENTS 

A great  deal  of  information  is  available  on  the  causes  of  aircraft  accidents,  but 
little  exists  from  which  to  make  the  sensitivity  assignments  [P(4|  j)].  These  assign- 
ments are  therefore  largely  subjective,  based  on  the  analyst's  knowledge  of  the  system 
and  any  information  he  may  have  on  previous  accident  history.  The  sensitivity 
assigments  are  reviewed  (and  revised  as  necessary)  by  an  Air  Force/contractor  team 
working  on  a particular  model  to  ensure  that  consistent  criteria  have  been  followed. 
The  team  review  and  negotiation  of  sensitivity  assignments  is  the  mechanism  by  which 
the  value  becomes  sufficiently  objective  for  use  with  the  model.  This  negotiation  con- 
siders all  of  those  top  level  functions  as  a group  and  reassigns  sensitivity  values  as 
necessary  to  assure  that  the  most  objective  proportionality  is  attained  for  the  par- 
ticular aircraft  model.  The  same  major-function  sensitivity  values  are  used  for 
major  functions  on  all  aircraft  models  where  configuration  and  mission  profiles 
permit. 

The  development  of  criticality  rankings  for  the  various  elements  (j's)  is 
dependent  upon  the  ability  to  quantify  the  failure  probability  [P(j)]  and  the  element 
sensitivity  (P(/f|  j)]  for  each  element.  Since  the  intent  of  the  concept  is  to  provide  a 
relative  safety  ranking  of  all  malfunctions,  it  is  not  necessary  to  develop  absolute 


♦For  a more  detailed  discussion  of  the  mathematics  of  the  FSPT,  see  Appendix  B. 
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values  for  P(./!|  j).  If  the  sensitivity  values  developed  are  correct  relative  to  each 
other,  a proper  criticality  ranking  will  be  established.  It  is  intended  that  criticality 
be  an  index  proportional  to  P(  4,j)  and  therefore  provide  the  same  relative  rank 
ordering  of  elements.  The  major  reasons  for  proportionality,  rather  than  equality, 
are: 

a.  The  FSPT  does  not  account  for  the  effect  of  extraordinary  pilot 
intervention  to  prevent  an  accident  in  case  of  equipment  malfunction, 

b.  Criticality  quantification  was  limited  in  its  treatment  of  simultaneous 
occurrence  of  independent,  primary  failures, 

c.  Operational  and  malfunction  data  yield  only  a proportional  estimate  of 
the  required  information. 

While  strict  proportionality  cannot  be  mathematically  proven,  it  is  believed  that 
the  criticality  rankings  provide  reasonable  relative  measures  of  equipment  problem 
potential. 


I 
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MODEL  DEVELOPMENT 


Figure  3-1  summarizes  the  approach  to  the  assessment  of  flight-safety 
criticality  of  aircraft  equipment.  The  first  contractor  activity  is  the  identification  of 
all  functions  the  aircraft  is  expected  to  perform  and  the  determination  of  their  inter- 
relationships. Next,  each  functional  relationship  is  documented;  and  then  sensitivity 
assignments  are  made  at  the  major  functional  levels  (below  these  levels,  link 
dependency  values  are  estimated;  see  discussion.  Section  3.2.2).  This  process  is 
carried  out  until  each  work  unit  code  associated  with  a major  function  has  been  identi- 
fied with  respect  to  the  function  performed  and  dependencies  have  been  estimated. 
Computer  processing  calculates  the  safety  sensitivity  for  each  work  unit  coded  item, 
combines  these  values  with  the  operation  and  failure  data  input  by  the  Air  Force,  and 
produces  the  equipment  criticality  ranking. 


Figure  3-1.  Activities  and  Data  Inputs  to  Flight  Safety  Criticality  Assessment 


The  steps  in  this  process  are  discussed  in  greater  detail  in  the  following 
sections. 

3. 1 FUNCTIONAL  ANALYSIS 

Functional  analysis  entails  the  systematic  identification  of  the  relationships  of 
hardware  to  the  functions  performed  by  the  aircraft  and  documented  in  the  aircraft 
technical  orders.  Tabulated  for  each  aircraft  function  are  the  equipments  necessary 
for  its  performance  as  well  as  all  outputs  required  for  other  systems.  The  complexity 
of  the  functional  interdependencies  of  an  aircraft  requires  the  use  of  a systematic 
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[|  acoountinR  proccdui't',  as  disciissod  bolow,  to  assure  that  all  I’elationships  have  been 

Ij  identified  and  that  no  funetional  paths  have  l)een  overlooked. 

Certain  top-level  Iniietions  (eomprised  of  both  "primarv"  and  "major"  functions) 
have  been  defined  as  applicable  to  all  aircraft  types,  and  sei  v<‘  as  the  starting  point 
for  a safety  analysis,  lingua'  3-2  lists  these  top  level  functions  with  the  primary  fun<-- 
tion  of  Flight  Control  exiumdc'd  to  show  its  typical  major  lunetions,  Helow  tin*  major 
function  level,  differences  in  aircraft  types  result  in  function  identification  anti  struc- 
turing specifically  suited  to  each  aircraft.  In  Figure  3-2,  for  instance,  th('  major 
function  Roll  Control  is  subdivided  into  Left  Roll  and  Right  Roll,  and  further  into 
aileron  and  spoiler  actuation  subfunctions.  This  structure  is  that  applicabb'  to  an  F-  I 
aircraft,  in  which  ailerons  have  an  extremely  limited  upward  travel  and  lift  is  pri- 
marily lost  through  spoiler  »>peration.  Finally,  each  item  in  the  aircraft  VVFC  ("-OC)") 
manual  is  identified  with  respect  to  the  function  it  performs.  • 

Every  function  and  every  WUC  included  in  the  model  receives  an  "alpha 
designator"  unique  to  that  aircraft  model.  Due  to  the  large  number  of  alpha  desig- 
nators required  in  a model,  an  indenturing  system  is  utili/ed  to  prevent  duplication. 

However,  the  location  in  the  hierarchical  structure  and  the  number  of  characters  in  the 
alpha  designators  are  often  independent,  since  such  correlation  is  not  necessary  for 
subsequent  computer  processing. 

The  functional  relationships  from  the  system  diagi'am,  and  identification  of  the 
equipment  necessary  for  each  function,  arc  next  documented  in  an  HO-column  punch- 
card  format  (see  Appendix  C).  The  total  funetional  diagram  for  the  aircraft  is  then  a 
compilation  of  the  system  diagrams,  with  one  punchcard  for  each  functional  link. 

With  the  aircraft  functions  completely  documented,  the  functional  paths  by  which 
a piece  of  equipment  contributes  to  the  operation  of  the  aircraft  can  be  identified  by 
computer.  Performing  the  path-identification/documentation  task  by  computer  provt's 
to  be  not  only  useful  but  necessary  — the  human  analyst  could  neither  keep  track  of  nor 
assign  sensitivity  values  to  all  functional  paths.  The  machine  processing  capability 
allows  the  analyst  to  consider  only  one  functional  link  at  a time.  The  ability  to  follow  i 

all  of  the  functional  interrelationships  within  the  aircraft,  which  is  necessary  for 
meaningful  assessment  of  safety,  is  then  provided  by  the  computer. 


3.  2 MAJOR-FUNCTION  SENSITIVITY  ASSIGNMENT 
3.2.1  Assignment  Method 

As  stated  earlier,  the  sensitivity  of  a function  or  equipment  item  is  an  estimate 
of  the  probability  that  its  failure  will  cause  an  accident.  From  functional  analvsis  of 
the  aircraft  under  consideration,  major  functions  are  identifie<l  and  are  assigned 
sensitivity  values  for  each  phase  of  the  mission. 


‘Certain  WUC  items  in  the  "-Ofi"  manual  may  not  be  included  in  the  safety  model, 
these  items  being  either  1)  eliminated  by  TCTOs;  2)  purely  structural  items  in  the 
11000  scries;  3)  necessary  only  for  survivability  or  ejection;  4)  of  lower  indenture 
than  the  LRU  level,  where  computer  data  screening  eliminates  failure  reports. 
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Figure  3-2.  Hierarchical  Structure  of  Aircraft  F\inctions 
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The  relative  importance  of  primary  functions,  major  functions,  and  functions  is 
not  necessarily  constant  throuRhout  a flight.  The  failure,  for  example,  of  one  cnRine 
of  a multi-enRinc  aircraft  is  far  more  critical  on  takeoff  than  it  is  durinR  the  rest  of 
the  flight,  and  is  of  relatively  little  importance  during  startup  and  taxi.  To  accommo- 
date this  variability  of  importance,  the  mission  of  an  aircraft  is  divided  into  nine  flight 


phases: 

1. 

Startup  and  taxi 

2, 

Takeoff 

3. 

Ascend  (climb-out) 

4. 

Cruise,  outbound 

5. 

Intercept  or  tactical  phase 

6. 

Cruise,  inbound 

7. 

Descend 

8. 

Land 

9. 

Taxi  and  shutdown 

These  phases  are  illustrated  in  Figure  3-3.  j 
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A sensitivity  value  is  assigned  for  each  of  the  phases,  and  represents  the  best 
estimate  of  the  likelihood  that  the  aircraft  will  enter  a hazardous  mode  if  the  function 
is  not  present  in  that  phase.  The  numerical  values  assigned  are  proportional  rather 
than  absolute,  and  range  from  0.0  to  1.0.  The  keypunch  card  format  limits  this 
assignment  to  increments  of  0. 1.  Increments  smaller  than  0. 1,  when  required,  were 
assigned  by  defining  a quasi-function  for  insertion  between  the  major  function  and  its 
dependent  primary  function. 

3.2.2  Link  Dependency  Assignment 

"Link  dependency"  is  defined  as  the  probability  that  the  loss  of  a function  will 
result  in  the  toss  of  a dependent  function.  (For  a more  detailed  discussion  of  this 
term,  see  Appendix  B.)  The  assignment  of  link  dependency  values  requires  knowledge 
of  the  operation  of  specific  aircraft  because  it  is  concerned  only  with  functional  levels 
below  the  "major"  category.  At  this  lower  level,  no  evaluation  is  made  of  the  impact 
on  flight  safety  of  the  loss  of  functions.  Instead,  the  effect  of  the  loss  of  one  function 
on  the  performance  of  another  function  becomes  the  evaluation  criterion.  Like 
sensitivities,  link  dependency  values  are  assigned  in  increments  of  0.1.  Additionally, 
the  method  of  attenuation  used  in  assigning  sensitivity  values  can  also  be  applied  to 
link  dependencies. 

3.2.3  Provisory  Factors 

The  sensitivity  of  major  functions  with  respect  to  aircraft  safety,  and  at  the 
lower  levels  the  link  dependency  between  functions,  can  be  dependent  on  external 
influences  and  aircraft  operating  conditions.  To  accommodate  these  external  influ- 
ences, a set  of  provisory  factors  has  been  identified.  An  example  would  be  a wind- 
shield anti-ice  system,  which  has  a safety  sensitivity  close  to  1.0  during  landing 
under  icing  conditions  but  a negligible  effect  on  a dry,  warm  day. 

Under  such  circumstances,  the  procedure  is  to  assign  the  "worst  case"  value 
(assuming  the  condition  exists).  During  model  exercise  the  likelihood  that  the  condi- 
Hon  exists  can  be  "read-in",  thereby  allowing  the  sensitivity  value  to  be  assigned  by 
the  computer  based  on  the  likelihood  of  the  condition  and  the  probability  that  the  higher 
level  function  will  therefore  be  lost.  Table  3-1  lists  the  standard  provisory  factors 
used  in  FSPT  models. 

3.2.4  Computer  Processing 

Documentation  of  a flight  safety  analysis  by  ARINC  Research  thus  consists  of 
functional  diagrams,  coded  functional  tabulations,  a functional  data  processing  card 
deck,  and  a machine-prepared  printout  of  the  card  deck  data.  Under  this  contract, 
the  documentation  is  then  sent  to  San  Antonio  Air  Logistics  Center  for  review  by 
MMER  personnel  and  representatives  of  the  Air  Logistics  Center  responsible  for  the 
particular  aircraft  (if  other  than  SA/ALC). 

SA/ALC  processes  the  functional  data  card  deck  utilizing  a number  of  com- 
puterized operations.  First,  a functional  deck  edit  is  accomplished  to  identify  certain 
format  or  logic  errors  that  may  exist.  Next,  a path  identification/documentation  run 
is  made  that  traces  all  possible  paths  associated  with  each  function  and  calculates  the 
numerical  sensitivities  by  flight  phase  down  to  the  WUC  level.  Then,  a path  combi- 
nation run  is  made  taking  into  account  the  dependence  of  more  than  one  major  function 
on  a particular  WUC.  Finally,  failure  information  from  the  66-1  data  system  and 
numerical  factors  for  provisory  conditions  are  input  and  a WUC  criticality  list  by  rank 
order  is  generated  by  the  computer. 
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TABLK  .1-1.  PROVISOHY  FACTOR  COOKS 


Provisory  Condition 


IcinK  conditions 

Adverse  speed/altitude  operations  (Helicopter) 
Runway  stopping  distance/con  fined  area  (Helicopter) 
Night  operation 
IFR  conditions 
Supersonic  flight 


Solo  flight 

Loss  of  function  for  which  indication  is  provided 
Normal  system  failed 


Flame-out 


Cold  weather 


One  of  three  available  units  is  required 
Two  of  three  available  units  are  required 
One  of  four  available  units  is  required 
Two  of  four  available  units  are  required 
Three  of  four  available  units  are  required 
Four  of  eight  available  imits  are  required 
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An  additional  product  generated  by  the  computer  is  a two-part  criticality  trend 
analysis.  Part  1 contains  the  criticality  rankings  and  linear  regression  analysis  by 
WUC  for  the  previous  12  months.  Part  II  contains  plots  of  the  criticalities  and 
regression  lines  for  the  2r)  WUCs  top-ranked  according  to  safety  criticality. 

3.2.5  Model  Maintenance 

Each  time  an  aircraft  tyyic  for  which  a safety  model  has  been  developed  under- 
goes a modification,  the  effects  of  the  changes  on  the  model  must  be  evaluated.  Tech- 
nical order  and  WUC  revisions  must  be  incorporated  into  the  model.  Hemoval  of 
e-xisting  hardware,  the  installation  of  new  hardware,  or  design  improvements  may 
change  link  dependencies  and  sensitivity  assignments.  The  update  procedure  should 
follow  the  same  general  steps  as  outlined  for  the  initial  analysis  effort. 

Existing  block  diagrams  and  a printout  of  the  functional  card  deck  form  the 
baseline  for  change  identification.  Functional  relationships  should  be  reviewed  to 
determine  the  Impact  of  changes  on  the  documented  safety  anaiysis.  Diagrams  should 
be  revised  to  reflect  functional  differences,  WUC  changes  should  be  noted,  and  all 
differences  listed  on  a flight-safety  functional  tabulation  sheet.  The  functional  deck 
printout  can  be  used  for  manual  indication  of  what  the  changes  are  and  where  they 
occur.  New  data  cards  are  prepared  and  the  functional  deck  updated  by  the  removal 
of  obsolete  cards  and  the  insertion  of  new  cards.  From  this  point  on,  the  computer 
is  again  utilized  to  edit  the  functional  deck,  perform  path  identification /documentation, 
and  calculate  sensitivities  for  each  WliC. 

Block  diagrams  and  other  affected  portions  of  th'-  specific  aircraft  safety 
analysis  report  should  be  updated  and  revised  pages  issued  that  reflect  these  changes. 
Maintaining  an  accurate  and  updated  model  is  important  to  obtaining  an  accurate 
assessment  of  the  safety  significance  of  hardware  failures. 
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T-39A  MODEL  DEVELOPMENT 


The  FSPT  model  for  the  T-39A  aircraft  was  begun  In  September  1975.  The  total 
aircraft  documentation  was  submitted  for  "GO-95"  computer  edit  at  SA/ALC  In 
August  1976. 

The  aircraft  flight  manual  and  maintenance  technical  orders  provided  the  Infor- 
mation on  aircraft  system  operation.  The  model  developed  represents  T-39A  aircraft 
configured  to  the  latest  time  compliance  technical  orders  (TCTOs)  documented  In  the 
manuals  supplied  by  SA/ALC.  Table  4-1  lists  the  manuals  and  their  revision  status 
applicable  to  the  developed  model.  As  noted  In  the  table,  two  technical  manuals 
(1T-39A-2-3  and  2-4)  were  not  received  In  their  entirety.  However,  SA/ALC  supplied 
reproduction  copies  of  applicable  sections  from  the  manuals  which  were  used  for 
model  development.  The  reproduction  copies  are  assumed  to  be  the  most  recent 
revisions,  which  occurred  during  1975. 


TABLE  4-1.  T-39A  SYSTEM  DOCUMENTATION 


Nomenclature 

Title 

Revision/Date 

1T-39A-1 

Flight  Manual 

Change  1,  31  January  1975 

IT -3  9A -2-3 

Engines  and  Related  System 

Circa  1975* 

1T-39A-2-3-1 

Power  Plant  Ground  Operation 
and  Conditioning 

Change  18,  2 June  1975 

1T-39A-2-4 

Flight  Control  and  Hydraulically 
Operated  Systems 

Circa  1975* 

1T-39A-2-5 

Instruments  and  Electrical 

Systems 

Change  17,  19  February  1974 

1T-39A-2-6 

Radio  Communication  and 
Navigation  Systems 

Change  21,  30  April  1975 

1T-39A-06 

Work  Unit  Code  Manual 

Basic,  1 April  1975 

♦See  discussion 

, Section  4. 
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Because  of  the  vulnerability  of  the  functional  logic/  sensitivity  documentation  to 
such  errors  as  omission  of  links,  duplication  of  cards,  and  incorrect  keypunching, 
quality  reviews  were  conducted  at  various  critical  points  in  the  model  development. 

In  addition  to  keypunch  verification,  each  card  was  checked  against  the  functional  link 
shown  on  the  original  rough  draft  and  the  final  functional  diagram  and  the  diagrammed 
link  was  checked  off.  Missing  or  duplicated  functional  links  were  thus  identified. 

Work  unit  codes  used  in  the  model  were  checked  off  against  the  \VU('  manual  to  assure 
completeness. 

The  quality  reviews  were  first  conducted  prior  to  computer  verification  of  the 
aircraft  deck  by  SA,  ALC.  Following  computer  verification,  a second  quality  review 
was  performed  by  representatives  of  Warner  Robins  ALC  and  ARINC  Research. 

Finally,  the  first  criticality  printout  obtained  from  application  of  actual  aii’craft  data 
was  reviewed  to  identify  any  terms  whose  sensitivity  appeared  to  be  unreasonable.  In 
such  cases  the  paths  were  traced  manually  and  changes  made  if  an  erroneous  relation- 
ship was  found. 

Appendix  C presents  the  methods  and  standard  used  in  documenting  an  FSPT  air- 
craft model.  Appendix  D presents  the  FSPT  documentation  for  the  T-39A  aircraft. 
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In  lOfiS,  the  desirability  ami  praeticablllty  of  quantifying:  the  sl^nifleanee  of 
specific  equipment  malfunctions  relative  to  flight  safety  was  exjdored  in  a feasibility 
study  conducted  by  AHINC  Hesearch  Corporation  for  the  Air  Force.  The  f(>asibility 
of  a safety-quantification  approach,  which  has  subsetiuentl v become  known  as  Flight 
Safety  Prediction  Technique  (FSPT),  was  demonstrated;  and  the  method  was  developed 
and  refined  In  a series  of  studies,  as  follows; 


Study 

Phase  Subjeet/Date 

I Feasibility  Study, 

September  llKif)  to 
June  1907  (Phase  1) 

Il-A  Technique  Development, 

October  I9(>7  to 
July  lOdH  (Phase  Il-A) 

fl-R  Technique  Development, 

July  19fiS  to  July  19fi9 
(Phase  Il-B) 

FSPT  System  Documen- 
tation for  the  F-4C  and 
T-37  Aircraft,  October 
1970  to  June  1971 


Sponsor*/Publlcatlon  No. 

Sacramento  Air  Materiel  Area  (SMNF), 
Contract  A F09(r,0a)f,2:i:ir),  SM  *7-2; 
publication  70r, -01-1-777 

San  Antonio  Air  Materiel  Area  (SANFW), 
Contract  A F09(00;i)-fi7-A-02r.7-SA0 1 ; 
publ  Icatlon  7:11-01-1- HOr, 

San  Antonio  Air  Materiel  Area  (SANKW), 
Contract  F09(00;i)  -OH-A-OJ 1 7-SAO 1 ; 
publication  7r>  l-01-l-98r)  (Hcvlslon  1) 

San  Antonio  Air  Materiel  Area  (MMKR) 
Contract  Fnf.08-71-C-0r)7r>; 
publication  097-01-1-11 IH 


In  the  Phase  ll-R  study,  the  FSPT  was  applied  to  the  F-lOO  aircraft.  Con- 
current with  Phase  Il-R,  the  U.S.  Naval  Safety  Center  contracted  AHINC  Hesearch  to 
extend  the  methodoloRy  to  produce  a flight  safety  criticality  model  for  the  F— IJ  air- 
craft. The  results  of  this  effort  are  documented  in  AHINC  Hesearch  Publication 
79.9-01-3-982  (Hcvlslon  1). 


In  1970,  AHINC  Hesearch  was  contracted  to  develop  suitable  input  data  to  per- 
mit the  application  of  the  technique  to  the  T-37  and  F-4C  aircraft.  These  data  were 
derived  in  the  form  of  mathematical  model  functional  documentation  as  input  to  the 
basic  computer  program  developed  and  applied  to  the  F-10(i. 


In  1972,  AHINC  Hesearch  Coriwratlon  was  awarded  a contract,  with  the  sub- 
stHiuent  modifications  in  1973  and  1974,  to  apply  the  Flight  Safety  Prediction 
Technique  to  1.9  aircraft,  working  jointly  with  cognizant  Air  I.oglstics  Centers.  Air- 
craft to  which  the  FSPT  has  been  applied  under  this  latter  contract  (F09fi03-72-A- 
1132-SAOl)  include: 


a.  T-38 

b.  F-lllA  and  FB-lllA 


i 

1 

i 

1 


i 


♦The  office  symbols  of  Service  Engineering  at  the  Sacramento  and  San  Antonio  Air 
Materiel  Areas  are  now  SM/ALC/MME  and  SA/AI,C/MME,  respectively. 
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d.  F-4D,  lO;  RF-4C 

e.  C-141 

f.  A-37 
K.  0-2 

h.  OV-10 

i.  B-r)2r.,  n 

j.  C-130E 

k.  KC-135 

l.  c-nA 

m.  T-39 

n.  F-15 

o.  UH-IN  Helicopter* 


FoasibiUty  study  of  adaptation  of  FSPT  to  rotary-wing  aircraft 
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?'ORMULATION  OF  CRITICALITY -ASSKSSMKNT  TKCHNIQUK 


To  Implement  the  basic  safety  model  defined  in  Section  2.2,  it  is  necessary  to 
develop  a submodel  for  the  probability  that  a malfunction  in  element  j during  mission 
phase  k will  result  In  an  accident.  This  submodel  in  turn  reiquires  that  we  estimate 
two  parameters:  the  probability  of  accident  if  a major  function  is  not  available  during 
each  mission  phase,  and  the  dependence  of  the  major  function  on  element  j rlurlng  each 
mission  phase. 

The  first  parameter  is  termed  "functional  sensitivity"  and  is  estimated  for  each 
major  function.  The  functional  analysis  performed  in  this  task  established  for  an 
aircraft  the  following  hlerarchal  scheme; 

Aircraft 

Primary  functions 

Major  functions 

Function 

Elements  (Work  Unit  Codes) 

A primary  function  would  be  one  such  as  Flight  Control.  Major  functions  under 
Flight  Control  would  include  Pitch  Control  and  Yaw  Control. 

The  second  parameter,  "link  dependency,"  is  a vehicle  for  showing  the  influ- 
ence of  each  functional-path  element  on  the  performance  of  a major  function.  For 
example,  if  the  major  function  being  considered  is  External  Lighting,  the  following 
diagram  illustrates  the  nature  of  functlon.al  sensitivity  and  link  dependency  values. 


* Link  dependencies 
■•■Functional  sensitivity 


The  0. 8 value  means  that  failure  of  the  Control  function  will  result  in  loss  of  the 
Landing  Light  function  80%  of  the  time.  The  0. 1 functional  sensitivity  value  denotes 
that  loss  of  external  lighting  will  result  in  an  accident  10%  of  the  time.  The  values 
must  be  Interpreted  in  a proportional  sense,  in  that  the  actual  accident  probability  is 
dependent  upon  external  factors  (see  Section  3.2..')). 
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The  remainder  of  this  appendix  discusses  the  procedures  and  model  used  to 
obtain  element  sensitivities;  e.g. , in  the  above  example,  the  accident  probability 
given  that  a Work  Unit  Code  In  the  Control  function  malfunctions. 

Three  principal  types  of  functional  relationship — series,  redundant,  and 
parallel--were  identified  as  representing  the  major  forms  to  consider  in  modeling 
element  sensitivity. 

Series  Relationship  - A function  having  only  one  input.  Schematically, 


A 


B 


which  indicates  that  outside  of  its  own  elements,  the  success  of  function  B is  only 
affected  by  the  success  of  function  A. 

Functional  Redundancy  — A function  having  one  or  more  backup  functions  that 
can  provide  the  required  inputs  to  successor  functions.  Schematically, 


where  Aj  and  A2  represent  a functional  redundancy  in  that  either  may  provide  the 
necessary  input  to  B. 

Parallel  Functions  — Two  or  more  functions  indepemdent  of  each  other  in  terms 
of  functional  success,  hut  cacli  of  which  may  be  rcquiri'd  for  a successor  function. 
Schematically, 


B will  generally  require  both  Aj  and  A2  ; but  A^  does  not  depend  on  A2  1 nor  d«)es 
Ao  depend  on  Ai  . 

In  some  cases  the  distinction  between  functional  redundancy  and  parallel  paths 
is  very  slight,  and  may  depend  on  mission  phase.  Tor  example  the  four  engines  of  a 
plane  can  be  considered  to  be  a redundant  configuration  providing  inputs  to  the  pri- 
mary propulsion  function  during  cruising,  but  would  generally  be  considered  to  be 
parallel  functions  during  takeoffs  requiring  full  power. 
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In  general,  given  a schematic  relationship  of  the  form. 


wc  can  say  that  A and  B are  In  a functionally  redundant  configuration  if  the  success 
probability  of  C is  the  same  if  1)  A and  B are  successful,  2)  A only  Is  successful, 
or  3)  B only  la  successful.  If,  for  example,  C Is  more  likely  to  be  successful  if  both 
A and  B are  auccesaful,  rather  than  A or  B alone,  then  the  relationship  Is  one  of 
parallel  paths. 

It  la  noted  that  the  model  will _also  account  for  element  redundance  and  parallel 
elements  through  Inputs  such  as  P(A|lg),  representing  the  probability  that  the  Alh 
function  falls  given  that  the  ig^"  element  In  A has  failed.  If  Ig  is  a parallel  element, 
the  probability  would  depend  on  mission  requirements  and  other  parallel-element 
states. 

Link  dependency  is  the  conditional  probability  of  a functional  failure,  given  the 
failure  of  Immediate  predecessor  functions.  The  link  dependencies  applicable  to  the 
three  basic  designs  defined  above  are  shown  below. 


Link  dependency  = P(B|A)  - probability  that  B fails  given  that  A falls. 
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We  shall  generally  assume  that  the  dependencies  of  with  respect  to  A , and  of 
B2  with  respect  to  A , are  independent  of  each  other,  so  that 

PfB^B^IS)  --  PfBjAlPm^lS) 


We  then  can  consider  three  link  dependencies  from  A to  B as  follows; 


f 


noting  that 

P(Bj(A)  P(B^B2|A)  ♦ PcBjB^lA) 

P(B2|A)  P(BjB2|^)  ^ P(BjB2|A) 

Models  are  shown  below  for  determining  the  sensitivity  of  elements  within  a 
function  for  each  of  the  three  basic  designs.  The  following  basic  assumptions  apply: 

a.  Except  for  cases  where  an  element  has  a redundant  or  parallel  counterpart 
or  is  located  in  a function  with  a redundant  or  parallel  function,  only  the 
element  under  consideration  shall  be  assumed  to  have  failed  initially.  Thus 
the  expression  P(>f  |U),  representing  the  accident  probability  given  failure 
of  the  l*^  Work  Unit  Code  element,  is  based  on  the  assumption  that  no  other 
element  has  failed  unless  element  i Is  in  some  redundant  or  parallel  con- 
figuration. For  cases  in  which  there  are  redundant  or  parallel  counter- 
parts, failures  of  such  counterpart  elements  or  functions  are  considered  in 
accordance  with  their  occurrence  probabilities. 

b.  The  success  of  all  immediate  predecessors  ensures  the  success  of  a func- 
tion, provided  that  the  function  experiences  no  element  failures.  Thus  for 
the  series  function  relationship 


we  assume 

P(bIa)  0. 

provided  B experiences  no  element  failures.  If  an  element  in  function  A 
is  under  consideration,  the  latter  provision  is  always  true  by  assumption 
"a." 


The  element  sensitivity  models  are: 


P(.>f|la)  = P(A|la)P(B|A)P(C|B)P(./flC) 


L 


Parallel  Functions 


PUfliJ  = P(A|i„){P(B('|  A)P(I)IbC)  • P(BC|A)P(D|BC) 

u <1 

• P(^Ia)P(dIbc)}P(^II)) 

PUlib)  = P(B|ib){P(Clijj)P(DlBC)  ► P(C|ijj)P(DlBC)}P(^|D) 


% 


A case  not  explicitly  incuded  in  the  above  three  basic  functional  relationships  is 
one  for  which  a function  is  in  two  paths,  e.  g. , 


then 

P(^(l  ) = P(C|l„)P(B|iJP(^|CB)  * P(C|i  )P(B|i  )P(^|CB) 

3 a u tJ 

+ P(ClijP(B|lj{l  - P(:i(C)P(7|B)} 

a <i 


where  It  is  assumed  that  the  effects  of  loss  of  the  major  functions  in  accident  occur- 
rence are  Independent  of  each  other. 


Use  of  Numerical  Provisory  Factors  for  Partially  Redundant  Systems 


The  numerical  provisory  factors  (see  Table  3-1)  are  used  where  more  than  two 
identical  functions  are  Involved  In  a redundancy.  For  example,  aircraft  with  more 
than  two  engines  often  have  Identical  and  independent  systems  for  hydraulic  pressuri- 
zation, and  for  electrical  power  generation,  one  driven  by  each  engine.  If  the  aircraft 
can  be  operated  safely  with  one  or  more  of  such  systems  in  a failed  state,  one  of  the 
numeric  codes  is  utilized  in  assigning  link  dependency  values.  Consider,  for  example, 
the  following: 


If  N identical  and  independent  units*  are  available  and  at  least  M are  required 
for  safe  operation,  where  0<M<N,  then  the  provisory  factor  of  a given  unit,  say  Uj.  is 
the  probability  that  the  failure  of  Uj  will  cause  the  aircraft  to  enter  an  unsafe  state. 
This  is  the  probability  that  exactly  M-1  of  the  remaining  N-1  units  will  be  in  an 
unfalled  state.  This  probability  can  be  calculated  by  the  formula  for  the  binomial  dis- 
tribution, and  is  given  by 


where  P(Uj)  = probability  that  failure  of  the  unit  will  cause  the  aircraft  to  enter 
an  unsafe  state,  and 

M = Number  of  units  required 
N = Number  of  units  available 

p = Probability  that  a single  unit  will  be  in  an  unfailed  state 
q = Probability  that  a single  unit  will  be  in  a failed  state  or  (1-p) 

*Units  may  be  either  elements,  element  assemblies,  or  functions. 
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Assignment  of  link  dependencies  to  N identical  and  independent  units  of  which 
only  M are  required  proceeds  as  follows.  The  value  asslRncd  to  each  unit  is  the 
dependency  of  the  higher  level  function  on  receiving  an  output  from  M of  the  units 
(usually  1.0).  The  provisory  factor  is  the  appropriate  numeric  code.  In  the  evaluation 
of  the  path  sensitivity,  the  computer  is  programmed  to  select  the  binomial  formula  that 
corresponds  to  the  provisory  factor  listed. 
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APPENDIX  C 

FSPT  DOCUMENTATION  METHODS 


1 


FSPT  IXICUMKNTATION  METHODS 

Because  of  the  extreme  complexity  of  aircraft,  it  is  necessary  to  develop  a 
computerized  method  to  identify  and  document  all  possible  paths  associated  with  each 
function  as  well  as  to  determine  the  safety  sensitivity  associated  with  each  path.  A 
computer  routine  has  been  devised  that  takes  the  data  from  the  functional  card  deck 
and  traces  and  documents  all  paths.  For  each  WUC,  it  also  computes  the  flight-phase 
sensitivities  for  each  path  in  which  the  WUC  is  present.  The  resulting  computer 
printout  provides  a combined  functional  path  sensitivity. 


C.l  ALPHA  CODING 

As  each  system  of  the  aircraft  is  functionally  diagrammed,  the  functional  blocks 
are  assigned  an  "alpha  code".  This  code  aids  the  analyst  in  the  bookkeeping  tasks  of 
functional  diagramming  and  provides  the  computer  with  an  identification  of  the  ele- 
ments to  be  processed.  For  standardization  among  aircraft,  nine  top-level  functions 
have  been  defined  and  each  has  been  assigned  an  initial  or  first-alpha  designator. 

Each  block  in  the  functional  diagram  carries  the  same  initial  alpha  as  the  top  level 
function.  Subsequent  letters  added  to  the  initial  alpha  uniquely  identify  each  block. 

The  only  restrictions  placed  on  the  assignment  of  alpha  codes  are  that: 

a.  All  characters  in  a code  must  be  a letter  of  the  alphabet,  and 

b.  The  maximum  number  of  characters  in  one  code  is  seven. 


C.  2 ALPHA  CODING  AND  COMPUTER  PROGRAM  COMPATIBILITY 

Additional  rules  for  alpha  coding  required  to  obtain  the  desired  results  from 
computer  processing  include; 

a.  When  a WUC  item  operates  in  the  same  mode  to  perform  more  than  one 
function,  the  same  alpha  code  is  used  in  each  application. 

b.  When  a WUC  item  operates  in  a different  mode  to  perform  each  of  more 
than  one  function,  a different  alpha  designator  is  assigned  for  each 
operating  mode. 


C.3  FUNCTIONAL  TABULATION 

The  "Flight  Safety  Functional  Tabulation"  sheet  is  used  to  code  the  safety  model 
for  keypunching.  The  sheets  are  coded  as  follows  (refer  to  Figure  C-1)  for  an 
example). 

a.  Columns  1 through  3.  Used  to  identify  the  aircraft  represented  by  the 
model.  For  certain  aircraft  modeled  under  this  contract  more  than  one 
model  - designation  series  MDS  - was  included.  For  instance,  a single 
functional  deck  was  created  for  four  MDSs  of  the  F-4  aircraft.  Cards 
with  "F4kl"*  in  columns  1-3  were  common  to  all  aircraft.  For  example. 


i 
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Figure  C-1.  Flight  Safety  Functional  Tabulation 


when  tlu'st'  oanls  nri'  combltu'd  with  thoso  rarryinj;  "K  iK"  in  ('('liinins 
1-n,  thon  it  prodiKH's  an  F— IK  FSP'r  mndol  dot'k. 


b.  Columna  •!  tlut>unh  .'ll.  Contain  tho  title  of  the  lunetlon  or  the  WUC  item. 

c.  Columna  112  tlirounh  :b<.  Contain  the  loft-iiiatlfiod  WUC  number. 

d.  Columna  .'17  and  .'is.  niank 

e.  Columna  .19  through  ICi.  Contain  the  aaaluned  alpha  doalunator  for  the 
function  and/or  Ihe  WUC.  Column  :il)  eontalna  either  an  I,  or  an  H,  or  la 
blank.  The  1.  and  It  th'alunate  left  and  rluht  f<ir  those  Inatancea  when  the 
funetlon  and/or  WUC  pertalna  to  the  left  or  rl^ht  side  of  the  aircraft. 

f.  Columna  17  and  -IH.  Blank. 

H.  Columna  49  throuKl'  r>r>.  Normally  left  blank,  but  are  usi'd  after  a deck 
la  operational  to  subatltute  the  »lata  on  .a  card  for  that  stored  In  the  com- 
puter by  punching:  the  line  ri'cord  number  in  this  fb'ld, 

h.  Columna  fiC)  (hrounh  (>:i.  lilenllfy  the  dependent  functions  for  either 
the  function  oi-  apt'ciflc  WUCs  beliiR  codi'd.  Column  r)fi  may  contain 
1,,  It  or  blank  for  the'  same  purpost'  as  that  of  column  .^!l. 

I.  Column  01.  C»mtains  the  alphanumeric  code  of  thi'  "provisory  factor" 
av)pllcnble  to  the  link  value  asaluned. 

).  Columna  (if)  throut^h  fit).  Contain  the  alpha  deslp;nat('r  of  a funetlon  that  is 
an  alternate  for  tiu'  function  beini;  codi'd.  (Column  n.S  Is  us»'d  for  "1,"  or 
"H"  as  In  Column  :i0.1  Tlu'  presence  of  the  "alternate  alpha"  flaiis  the 
importance  of  tlu*  link  dependency  as  belnn  aff('cted  by  the  success 
probability  of  the  alternate  function. 

k.  Column  70.  Contains  the  work  unit  code  dqu'ndency  value  (1  0. 10; 

2 0.20;  ....A  1.0).  This  value  is  applicable  to  all  flijjht  phases. 

l.  ColumnJTl.  Contains  special  instructions  to  the  computer  throup:h  th»' 
use  of  letters  K,  S,  or  lielnn  blank.  Cards  with  an  "S"  or  "blank"  in 
column  71  are  used  in  sensitivity  computations,  ('ards  with  an  "F" 
document  a functional  relatlonshljis  which,  althou^jh  present  in  the  sys- 
tem, would  produce  an  ('rronwus  sensitivity  value  when  combined  with 
other  nonindependent  paths  (having  tlu'  saim>  function  in  common  at  some 
higher  level).  'I’he  "F"  prev('nts  the  computt'r  from  Including  the  link  in 
the  sensitivity  calculations. 

m.  Columns  72  through  SO.  ('ontain  functional  dependencies  for  I'ach  of 
nine  flight  phases  as  described  In  Section  .'1.2. 1 of  the  text.  Coding  is 
the  same  ns  for  column  70. 
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C.  I DIAGIUM  CONSTRUCTION 


The  dlaRrams  produced  under  the  contract  document  the  functional  inter- 
relationship  of  the  aircraft  systems  considered  In  the  model.  In  the  interest  of  extend-  || 

inp  the  useful  life  of  the  diaprams,  WUC  items  are  not  shown,  thereby  eliminatinp  the 
necessity  of  updating  the  dlaprams  with  each  (and  sometimes  frequent)  change  to  the 
WUC  manual. 

As  discussed  earlier  in  this  report,  the  diagrams  represent  the  hlerarchal 
structure  of  the  paths  from  which  the  sensitivity  values  are  derived.  The  diagrams, 
although  consistent  with  the  system  schematic  and  reliability  block  diagrams,  are  not 
equivalent  due  to  this  hierarchal  method  of  documentation.  In  the  actual  system, 
signals  and/or  fluids  pass  from  one  component  to  the  next  and  are  thus  documented  in 
schematics;  conversely,  the  hierarchal  approach  only  identifies  the  components  that 
must  operate  to  achieve  a given  function,  independent  of  the  direction  and/or  sequence 
of  signal  flow.  This  approach  directly  addresses  the  system  impact  of  a component 
failure  without  the  necessity  of  identif3dng  the  intrasystem  secondary  failures.  Each 
line  connecting  functions  on  the  diagram  is  documented  by  a punchcard,  with  the  lower 
function  providing  the  "alpha  designator"  and  the  higher  function's  alpha  designator 
indicator  as  the  "dependent  function".  * 
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FSPT  DOCUMENTATION  OF  T-39A  AIRCRAFT 


This  appendix  contains  the  functional  relationship  diagrams  and  a listing  of  the 
keypunch  cards  that  comprise  the  T-39A  aircraft  FSPT  safety  model  documentation. 


D.  1 DIAGRAMS 

The  diagrams  Illustrating  the  functional  relationships  considered  In  the  T-39A 
safety  model  will  be  found  on  pages  D-5  through  D-19,  and  are  listed  below: 


Diagram 

Page 

Propulsion 

P ropul  s ion/E  ngine 

B-1 

D-5 

Propul slon/Englne  Status 

B-2 

D-6 

Propulsion/Fuel 

B-3 

D-7 

Communications /Navigation/Identification 

Comm/Nav/ldent 

C-1 

D-8 

En  Route  Aids 

C-2 

D-9 

Information  and  Displays 

Info  & Displays 

D-1 

D-10 

Environmental  Control 

Environmental  Control 

E-1 

D-11 

Environmental  Control 

E-2 

D-12 

Flight  Control 

Flight  Control 

F-1 

D-13 

Yaw/Pltch  Control 

F-2 

D-14 

Ground  Control 

G-1 

D-15 

Mission  Support 

M-1 

D-16 

Landing  Gear 

Landing  Gear 

N-1 

D-17 

Gear  Retract 

N-2 

D-18 

Utilities 

U-1 

D-19 

D.  2 CARD  LISTING 

Pages  D-21  through  D-57  are  a reproduction  of  the  punchcard  listing.  The 
listing  Is  alphabetical  by  "alpha  designator",  and  the  format  Is  that  of  the  80-column 
punchcard  itself  as  described  in  Appendix  C.  At  the  top  of  each  page  the  card  columns 
are  printed  vertically;  for  example,  column  34  is  printed 
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B 

T39 

AIR  INLET  DUCT  UNOSE  ASSY<11616 

BAFZO 

BAF 

2 

T39 

ENGINE  OIL  DISTRIBUTION 

BAG 

BAF 

GDAAA AAJC 

T39 

TUflf-TURblNE  BPG  TRANSFER 

23CAP 

BAGA 

BAG 

8 

T39 

OIL  SUPPLY 

BAH 

BAG 

AAAAA AAAA 

T39 

MAIN  OIL  STRAINER 

23CAB 

BAHA 

BAH 

2 

T39 

SPT  ASSY, OIL  STRAINER 

23CAC 

BAHB 

BAH 

1 

T39 

OIL  TANK  ASSY 

23CAE 

BAHC 

RAH 

8 

T39 

TUBE  ASSY,FP  BRG-PUMP  RTN 

23CAH 

BAHD 

BAH 

1 

T39 

TUBE  ASSY,TB  BRG  EXT  RTN 

23CAJ 

BAHE 

BAH 

1 

T39 

STRAINER  ASSY, CMP  RR  3PG 

23CAM 

BAHF 

BAH 

1 

T39 

STRAINER  ASSY.TB  BRG 

23CAN 

BAHG 

BAH 

1 

T39 

STRAINFR  SCREEN  GEARBX  0IL23AHP 

BAHH 

BAH 

1 

T39 

OIL  PRESSURIZATION 

BAJ 

BAG 

AAAAAAAAA 

T39 

MAIN  OIL  PUMP 

23CAA 

BAJA 

BAJ 

A 

T39 

OIL  PRESS  RELIEF  VALVE 

23CA0 

BAJB 

BAJ 

2 

T39 

MANF  ASSY, PRESS  MAIN  BRG 

23CAK 

BAJC 

BAJ 

8 

T39 

NOZZLF  ASSY, CMP  RR  BRG 

23C  AL 

BAJO 

BAJ 

1 

0-22 
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T39 

N'l/ZLF  CMP  Frt  HRG 

23C  AK 

RAJF 

HAJ 

1 

T39 

btAt  , STf.KTFK/GEN  PA!) 

23AJ5 

HAJF 

RAJ 

1 

T39 

TilHt  ASSY  FRONT  8tAK  ORES 

2 3C  AG 

BAJG 

RAJ 

1 

T39 

Ve  NTI NG 

BAK 

BAG 

OgCoCO«,l,J 

T39 

MANF  ASSY, TANK  BREATHER 

2 3CRO 

BAKA 

RAK 

1 

T39 

MANF  ASSY, BREATHER, FXT  FR 

2 3CEC 

RAKB 

BAK 

1 

T39 

TUBE  ASSY, CMP  FR  RRG  dRTHR23CHl) 

BAKC 

BAK 

1 

T39 

seal  breather  SHAFT  GEAR 

23AJG 

BAKO 

BAK 

0 

T39 

OIL  COILING 

BAl 

BAG 

CC4BR800 J 

T39 

FUEL  OIL  COOLER 

2 351  7 

BALA 

BAL 

fl 

T39 

ENGINE  ANTI-ICF 

BAM 

RAF 

A 

BeBRRrt'HH 

T39 

RELAY 

2341  3 

BAMA 

RAM 

A 

T39 

ENG  INLET  DE-ICF  VALVE 

2341  7 

BAMB 

BAM 

A 

T39 

J'ICT 

2391  H 

I3AMC 

BA.M 

A 

T39 

CIRCUIT  RREAKER 

4 i52 

RAMO 

BAM 

1 

T39 

GROUND  START 

BAN 

RAE 

JCOCvOOOO 

T39 

HSHNG,  STArT/GFN  E-R  SHT  RRG23AHI 

BANA 

RAN 

1 

T 39 

SHAFT, STAHTER/GEN  OR 

2 3A  J3 

BANB 

PAN 

A 

T39 

SUPPORT  ASSY , START /GEN  3RG 

23AJ  7 

BANC 

BAN 

1 

T39 

C'^VER,START/GeN  ACCESS  DR 

2.1AJ8 

BAND 

BAN 

G 

T39 

STARTER  BUTTON 

23312 

BANE 

BAN 

A 

T39 

ST AR  TER-GENER ATQR 

42131 

BANF 

BAN 

A 

T39 

RL  Y .GENE  RAT' 'R,  “ONI  TOE 

4217C 

BANG 

HAN 

A 

T39 

RLY,G  = NEHAT0R,F I EH  CONTw 

42170 

BANH 

BAN 

A 

T39 

RLY, BATTERY  START 

42171 

RANJ 

BAN 

A 

T39 

rly,ext  pwr  cutout 

4217? 

BANK 

RAN 

0 

T39 

RELAY  START  CONTROLLER 

4217J 

BANL 

BAN 

A 

T39 

CIRCUIT  BREAKER 

42152 

RANM 

BAN 

1 

T39 

AIR  START 

BAP 

BAE 

T 

OOAAA AAOO 

T39 

S,J.,MR  start 

2 3 31  3 

BAPA 

BAP 

A 

T39 

RELAY 

23314 

RAP6 

RAP 

A 

T39 

CIRCUIT  BREAKER 

42152 

BAPC 

BAP 

1 

T J9 

START/IGNl TION 

BAU 

BAN 

ACCOJCuJO 

T39 

START  IGNITION 

BAD 

BAP 

JAA ABAAAO 

T39 

EXCI TER, IGNITION 

23FAB 

BAUA 

HAD 

A 

T39 

L.ABLE,ELEr,  PHR,EXC-IGN 

23FAC 

BAOB 

BAD 

A 

T39 

IGNITFP  PLUG  *4'"A< 

23FAU 

BAvlC 

RAvJ 

'y 

T 39 

CAHLF, ARC  NO, AIRFRAME/ENG 

23FAE 

BAUD 

RAD 

A 

T 39 

SW., ENGINE  MASTER 

23131 

BAUE 

BAD 

A 

T39 

SW. ,EUEL-IGNITinN 

2331  1 

RAOF 

RA  ) 

A 

T 39 

light  INOICATOR 

23318 

BAOG 

RAU 

U 

T39 

CIRCUIT  BREAKER 

23132 

3 A OH 

BAU 

A 

T 39 

CARLE  ASSY  PN  10  166435 

2^13? 

BAOJ 

BAD 

B 

T39 

C.INTROLLEO  FUEL 

RAS 

BA  E 

AAA  AAA  AAA 

T39 

MANIFOLD  ASSY, FUEL 

23bAK 

BASA 

BAS 

A 

T39 

NOZ/LE  ASSY, FUEL  METERING 

23BAN 

UASB 

BAS 

2 

T 39 

CONNECTOR, PRESS  VALVI  UNK 

23HAP 

BASC 

RAS 

L 

T39 

TUBE, XFE®, PRESS  VALVI 

23PAO 

RASO 

BAS 

2 

T39 

TUBE  ASSY, FUEL  SIGNAL 

23BAT 

RASE 

BAS 

A 

Ti9 

ORAIN  MANIFOLD 

2311F 

BASF 

RAS 

0 
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T39 

DIAPHRAGM 

23112 

6ASG 

BAS 

3 

T39 

DIAPHRAGM  SEAL 

23113 

BASH 

BAS 

3 

T39 

FUEL  PRESS  & DUMP  VALVE 

2 BEAR 

BASJ 

BAS 

8 

T39 

VALVE  ASSY, FUEL  CHECK 

23BAS 

BASK 

BAS 

0 

T39 

ENGINE  FUEL  CONTROL 

BAT 

BAS 

AAAAAAAAA 

739 

FUEL  CONTHOLIALT  23PAB< 

23HAA 

BATA 

BAT 

5 

T39 

FILTER  SCREEN  C SPPT  ASSV 

?3BAt' 

BAT3 

BAT 

1 

T39 

bLEEO  ACTUATOR  ASSY 

23BAE 

BATC 

BAT 

3 

T39 

POWER  LEVER  X-SHAFT  ASSY 

23FAF 

BATO 

BAT 

8 

T39 

SUPPDH  T, X-SHAFT 

23BAG 

BATE 

BAT 

1 

T 39 

ARM/LF.VER,  X-SHAFT 

23FAJ 

bATF 

PAT 

A 

T39 

GE  AI7  SHAFT,  FUEL  CONTP  DR 

2'/JC. 

BATJ 

BAT 

A 

T39 

BOSS  ASSY, FUEL  CONTROL 

23AJL 

HATK 

BAT 

5 

T3‘> 

THROTTLE  CONTROL 

bAU 

BAT 

AAA AA AAAA 

T39 

OUA)RANT  ASSY 

?<22l 

BAUA 

BAU 

fl 

T39 

FRICTION  LOCK 

23222 

BAUe 

PAU 

1 

T39 

Ron  ASSY 

23226 

BAUC 

BAU 

8 

T39 

ROD  ASSY,LH 

23227 

BAUD 

BAU 

0 

T39 

POD  ASSY,HH 

23228 

BAUE 

BAU 

8 

T39 

TELESCOPIC  UNIT 

2322C 

8AUF 

BAU 

8 

T39 

TELrFLEX  CABLE 

2322A 

BAUG 

BAU 

A 

T39 

niFFUSF.R  PRESS  SENSE 

RAV 

BAT 

AAAAAAAAA 

T39 

pk33c,fuel  cont  press  sens 

23AOJ 

BAVA 

BAV 

A 

T39 

TlldE  ASSY.OIFF  press  SENS 

23BAU 

BAVB 

BAV 

A 

T39 

COMP  inlet  press  SENSE 

BAW 

BAT 

AAAAAAAAA 

T39 

PROBE  ASSY, COMP  IN  PRESS 

23AAK 

BAWA 

BAW 

A 

T39 

TUBC  ASSY, COMP  IN  PRESS 

23PAV 

BAWB 

BAW 

a 

T39 

LEFT  ENG  ACCESS  DR 

LBAX 

BPFB 

SAAAAAAAAA 

T39 

LEFT  ENG  ACCESS  OH 

LBAX 

LUOQ 

AAAAAAAAA 

T39 

RIGHT  ENG  ACCESS  OR 

RBAX 

HUO  J 

AAAAAAAAA 

T39 

C.PL,GEAR  BOX  OR  SHAFT 

23AG8 

LBAXA 

LBAX 

A 

T 39 

CPL,GFAR  BOX  DR  SHAFT 

23A&B 

RHAXA 

RBAX 

A 

T39 

SPACER, UPR  BRG  SLEEVE, IN 

23AGr 

LBAXB 

LBAX 

1 

T39 

SPACES, UPR  BRG  SLEFVE.IN 

23AGO 

RBAXB 

RBAX 

1 

T39 

GEAR  BJX 

23AHA 

LBAXt 

LBAX 

8 

T39 

GEAR  BOX 

2 3 AH  A 

RBAXC 

RBAX 

R 

T39 

PLUG, OR  SHAFT 

2 3AHC 

LBAXO 

LBAX 

0 

T39 

PLUG, OH  SHAFT 

2 3AHC 

RBAXD 

RBAX 

0 

T39 

AOPTk,GCAR  riOX-POSN  BUSS 

23AHO 

LBAXE 

LBAX 

0 

T39 

AnPTR,GEAP  BQX-POSN  BOSS 

23AHD 

RBAXt 

RBAX 

0 

T39 

hsg  assy, dr  gearbox 

23AHG 

LBAXF 

LBAX 

1 

Ti9 

HSG  ASSY, DR  GEARBOX 

23AHG 

RBAXF 

SHAX 

1 

T39 

COVFS,ENG  ACCESS  OR 

23AJN 

LBAXG 

LBAX 

1 

T39 

COVER, ENG  ACCESS  OR 

23AJN 

KBAXG 

RHAX 

I 

T39 

gear  main  COMP  DRIVE 

23ACW 

LBA  XH 

LBAX 

A 

T39 

GEAR  MAIN  COMP  DRIVE 

23ACW 

RBAXH 

RBAX 

A 

T39 

LEFT  ENG  BLEED  AIR  OISTP 

LBAY 

ECW 

AAAAAAAAA 

T39 

LEFT  ENG  BLEEO  AIR  DISTR 

LBAY 

UHL 

lllllllll 

T39 

RIGHT  ENG  BLEED  AIR  DISTP 

RBAY 

ECV 

AAAAAAAAA 

T39 

RIGHT  ENG  BLEED  AIR  DISTR 

RBAY 

UHC 

iiiiiiin 

0-24 
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T39 

9LF£D  VALVF  e L INKAGE 

2 3LAA 

LBAYA 

LBAY 

A 

T39 

tilLEO  VALVF  C linkage 

23UAA 

RQAYA 

KBAY 

A 

T 30 

STUAP  ASSY.CCIMPRt  SSnK 

23i;Ab 

LBAYB 

1 BAY 

B 

T 39 

STRAP  ASSY  .COHPRESSOP. 

2 » r'  A P 

RBAYB 

RhAY 

B 

T39 

CONNECT  LINK.BLtEO  VALVE 

231  Af 

LBAYC 

L bay 

A 

T39 

CnNNFCT  LINK, BLEED  VALVE 

23rAf 

RBAYC 

RBAY 

A 

T39 

.\R9,aiR  hlFFO  VALVt 

2 31  AH 

LBAYO 

LBAY 

A 

T39 

AOM.AIO  BLEED  VALVE 

231  AH 

RBAYU 

RBAY 

A 

T39 

Pl'f), valve  linkage 

2 3 UAL 

LHAYE 

L BAY 

A 

T30 

«nn,vAivE  linkage 

23(  Al 

R8AYE 

RBAY 

A 

T 3-; 

engine  STATUS 

BA/ 

BAT 

AAAAAA AAA 

T39 

THo^TTLE  control  DATA  ATTN 

BA/A 

BA/ 

111111111 

T39 

OIL  PRESSURE 

6A/AA 

BA/ 

I BAG 

aaaaaaaaa 

T39 

OIL  PRESS  INDICATION 

BA/B 

BA/AA 

llUlllll 

T39 

INDICATOP.OIL  PRESSURE 

51441 

SA/BA 

BA/B 

A 

T30 

XMITTER.OIL  PRESSURE 

51442 

BA/BB 

BA/P 

A 

T39 

lIrcuit  breaker 

42231 

BA/BC 

RA/R 

1 

T39 

LOW  PRFSS  WARNING 

BA/C 

BA/AA 

111111111 

T39 

SW.,niL  PRESSURE 

51443 

BA/CA 

t A/C 

A 

T30 

LIGHT  PANEL 

44241 

HA/CB 

BA/C 

1 

T 30 

L IGmT, MASTER 

44242 

BA/CC 

BA/C. 

1 

T39 

L IGHT, INDICATOR 

44243 

HA/CD 

PA/C 

2 

T 39 

relay, TEST 

44244 

BA/CE 

6A/C 

0 

T 39 

CIRCUIT  ttREAKFR 

42152 

BA/CF 

BA/C 

1 

T 30 

OIL  OVERHEAT  WARNING 

BA/U 

BA/ 

I HAL 

llUlllll 

T39 

BULB, OIL  TEMP 

51426 

BA/OA 

BA/D 

A 

T39 

LIGHT  PANEL 

44  241 

BA/DB 

BA/U 

1 

T 39 

L IGHT, MASTER 

44242 

BA/DC 

BA/0 

1 

T39 

LIGHT, INDICATOR 

44243 

BA/on 

BA/0 

2 

T 39 

RELAY, TEST 

44244 

BA/OE 

BA/D 

0 

T39 

CIRCUIT  breaker 

42152 

BA/DF 

3A/D 

1 

T39 

exhaust  press  IND 

BA/E 

BA/A 

032222222 

T39 

INOI r ATOR, E XHAUST  PRESS 

51431 

BA/EA 

BA/E 

A 

T39 

XM  I TT£H , EXHAUST  PRESS 

51432 

BA/EB 

OA/E 

A 

T39 

MANIFOLD  ASSY,UPPEP  LEFT 

23H44 

8A/EC 

BA/r 

5 

T 39 

MANIFOLD  ASSY, LOWER  LEFT 

2 3HAB 

BA/ED 

BA/F 

5 

T39 

manifold  assy, lower  RIGHT 

23HAC 

BA/EE 

BA/F 

5 

T39 

MANIFOLD  ASSY, UPPER  RIGHT 

2 3HA  D 

BA/EF 

BA/E 

5 

T39 

CIRCUIT  BREAKER 

42c31 

BA/EG 

BA/E 

1 

T39 

ENGINE  BPM 

BA/G 

OA/A 

llUlllll 

T39 

INDICATOR, TACHOMETER 

5141  1 

BA/GA 

BA/G 

\ 

T39 

GENERA  TOR, TACHOMETER 

51412 

BA2GB 

BA/G 

A 

T 39 

GEARSHIFT  TACH  DRIVE 

23A  JR 

BA/GC 

,3A/G 

B 

T39 

seal  tach  drive 

?3AJV 

BA/GO 

HA/G 

1 

T39 

ENGINE  SYNC 

BA2H 

BA/ A 

ODOOOODUO 

T39 

SYNCHROSCOPE 

51413 

BA/HA 

BA/H 

A 

T39 

EXHAUST  GAS  TEMP  INDICATir'N 

BA/J 

BA/A 

iiiiuin 

T39 

INDICATOR, EXHAUST  TEMP 

5142  1 

BA/JA 

HA/ J 

A 

T39 

exhaust  tfmp  rfs  spool 

5142? 

BA/JR 

PA/J 

A 

T39 

THEBMOCOUPLE 

23GA4 

HA/JC 

BA/J 

A 

0-25 
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T39 

CABLE  ASSY, THbHMOCnUPLE 

23GAB 

BAZJD 

8a;  J 

1 

T39 

INGIME  ANTI-ICE  FAIL 

HAZK 

8AZ 

K 

BAM 

33  333:>3J3 

T39 

RELAY 

2341  3 

t3AZKA 

BAZK 

A 

T39 

LIGHT  PANEL 

44241 

BAZKB 

BAZK 

1 

T 39 

LIGHT  MASTER 

442A2 

BAZKC 

HAZK 

1 

I 19 

LIGHT  INDICATOR 

44243 

BAZKD 

8AZK 

2 

T39 

RELAY.TEST 

44244 

BAZKE 

HAZK 

0 

T39 

CIRCUIT  BREAKER 

42152 

8AZKF 

BAZK 

1 

T 39 

ENGINE  FIRF  EXTINGUISH 

BBA 

BAA 

X 

AAAAA AAAA 

T39 

SHUT-OFF  VALVE 

46222 

BBAA 

BBA 

A 

T39 

Srt.,ENG  MASTER 

23131 

BBAB 

BBA 

A 

T30 

CABLE  ASSY  PN  10  166435 

23133 

BBAC 

QBA 

B 

T39 

C IRCUI T BREAKER 

42152 

BHAD 

BBA 

1 

T39 

ENGINE  OVHT/FIRF  WARNING 

t3BH 

HHA 

AAAAAAAAA 

T39 

DETECTOR  ELEMENT 

4«I11 

BBBA 

BBB 

A 

T39 

INDICATOR  LIGHT 

49112 

BHMB 

PHB 

A 

T39 

CUNTROL  UNIT 

<♦9113 

BBdC 

BBB 

A 

T39 

JUICK  DISCONNECT 

49  114 

BbBD 

BBB 

C 

T39 

L IGHT, PANEL 

44241 

BBBE 

BBB 

1 

T39 

L IGHT, master 

44242 

BBBE 

BHB 

1 

T 30 

LIGHT, INDICATOR 

44243 

HBBG 

BBB 

2 

T39 

RELAY, TEST 

44244 

BBBH 

BHi3 

0 

T39 

SUPPLY  C PRESSURIZATION 

BBC 

BBA 

AAAAAAAAA 

T39 

CONTAINER  ASSY  AEA  OF  Twn<A9211 

BBC  A 

BBC 

5 

T39 

INDICATOR, DISCHARGE 

49  21  5 

BBCB 

BBC 

0 

T39 

SW.  , SF LECTOR 

49218 

BBCC 

BBC 

A 

T39 

VALVE, CHECK 

49214 

BBCO 

BBC 

U 

T39 

AGENT  RELEASE 

BBD 

BBA 

AAAAAAAAA 

T39 

VALVE ,DI SCHARCF 

49212 

BHOA 

BAD 

A 

T39 

HANDLE  ASSY 

m921  7 

BBDB 

BBb 

A 

T39 

CARTRIDGE, FIRE  EXTINGUISH 

97355 

BBDC 

BBO 

A 

T 39 

ONE  ENGINE  FUEL  PRESSURE 

bPA 

BAA 

AAAAAAAAA 

T39 

TANK  BOOST  PRESSURE 

BPB 

BPA 

K 

BPE 

AAAAAAAAA 

T 39 

shut-oef  valve 

46222 

BPBA 

BPB 

0 

T39 

ENGINE  MASTER  SWITCH 

23131 

BPUB 

OPR 

0 

T39 

CIRCUIT  breaker 

23132 

8PBC 

BPB 

0 

T39 

CABLE  ASSY  PN  10  166435 

23133 

BPBD 

BPB 

3 

T30 

SAME  SIDE  CNORMALS 

BPC 

BPB 

lllllllll 

T39 

rtnoST  PUMP 

46221 

I3PCA 

BPC 

A 

T39 

belay, BOOST 

46227 

BPCB 

BPC 

A 

T39 

MjTUB, boost  pump 

4622B 

BPCC 

BPC 

A 

T39 

OTHER  SIDE 

BPD 

BPB 

K 

BPC 

AAAAAAAAA 

T39 

BOOST  PUMP 

46221 

BPDA 

RPl) 

A 

T39 

RELAY, BOOST 

4622  7 

BPDR 

HPD 

A 

T39 

MOTOR, BOOST  PUMP 

46228 

BPDC 

BP.) 

A 

T39 

CROSS-FEED  VALVE  rBl)llST< 

46224 

3 POD 

BPO 

A 

T39 

first  STAGE  ENG. BOOST  PRFS 

• 

bPf 

BPA 

K 

BPB 

AAAAAAAAA 

T39 

PUMP, FUEL, ENG  DRIVEN 

23212 

BPt  A 

BPf 

A 

T39 

CIRCUIT  BREAKER 

42152 

BPEB 

BPF 

1 

T39 

ENGINE  BOOST  S2N0  STA< 

BPE 

BPA 

AAAAAAAAA 

I 
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T39 

PUMP, Fuel , ENG  09 

23212 

8PFA 

8PF 

A 

T39 

ACCTSSOKY  DRIVE .TYPICAL 

BPFR 

BPF 

AAA AAAAAA 

T39 

FUEL  EILTEKING 

BPG 

EPF 

lllllllll 

T39 

FILTER  ELEMENT 

2^214 

8PGA 

llPG 

A 

T39 

FUEL  HEAT 

8PH 

BPG 

Y 

AAAAA aaaa 

T30 

HE  ATE9 

23215 

BPHA 

BPH 

A 

T39 

AIO  VALVE  AND  TIJ8E 

23EAA 

BPHEi 

BPH 

A 

T39 

VALVF/ACT  ASSY, AIR  SHUT'IF  F 2 3 f A P 

BPHC 

BPH 

A 

T39 

L IGHT, PANEL 

44241 

8PHD 

bPH 

A 

T39 

1 K.HT,  master 

4‘,242 

BPH6 

BPH 

0 

T39 

light,  I N0ICATC1R 

44243 

BPHF 

BPH 

T39 

CIRCUI T BREAKER 

42152 

BPHG 

BPH 

1 

T39 

‘'ILTER  jypass 

BPJ 

8PF 

K BPG 

AAA  AAAAA  A 

T39 

filter  *BY-PASS  VALVE< 

23213 

BPJA 

BPJ 

A 

T39 

FUEL  SUPPLY 

BSA 

n 

0AAAAAA50 

T39 

LEFT  TANK  SUPPLY 

L8S8 

BSA 

KRoSB 

AAAAAAAAA 

T 39 

right  TANK  SUPPLY 

RBSB 

PSA 

KLRSB 

AAAAA AAAA 

T39 

FUEL  CELL.kJING  INTEGRAL 

46110 
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46212 

LBS8E 
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0 
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46212 
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0 
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COUPLING 

46213 

LBSBF 

LBSB 

1 
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COUPLING 
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RBSHF 
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46113 

LBSBG 

LBSB 

0 
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46113 

RBSBG 

RPSB 

c 
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BSC 
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lllllllll 
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CELL  ASSY 

46121 

6SDA 
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1 
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46124 

SSDR 
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1 
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BSUC 

BSD 

c 
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BSDD 
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0 
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8SDE 
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1 
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SWITCH, FLOAT 
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T39 

MANUAL  DUMP 

BSG 

BSE 

K 

BSF 

aaaaaaaaa 

739 

FUEL  SYSTEM  VENTING 

BSJ 

BSA 
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T39 

VENT  VALVE 

46112 

BSJA 
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T39 

GROUND  REFUEL 

BSK 

PSA 
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T39 

SINGLE  POINT  refuel 

BSL 

BSK 
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T39 

MFCFPTACLE, SINGLE  POINT 

46311 

BSLA 

BSL 
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T39 

CAP  ASSY.SP 

46312 

9SLB 
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T39 

CONTROL  t VENT  VALVE 

46313 

BSLC 

BSL 

A 

T39 

PACKING 

46314 

9SLD 

BSL 

1 
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SHUT-UFF  VALVE 

46315 

BSLE 
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A 

T39 

OUtL.INT  FUEL  CONT  VALVF 

4631  7 

flSLF 

BSL 

A 

T39 

GRAVITY  REFUEL 

bSM 
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T3S 

FILLER  CAP, WING 
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BSM 

0 
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0 
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0 
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BSN 

BPO 
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A 
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1 
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1 
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FUEL  PRESSURE  LOW  WARNING 
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BPF 
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BSSA 
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A 
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HSS 

A 
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L IGHT  PANEL 

44241 

BSSC 

BSS 

1 
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L IGHT, MASTER 
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BSSD 
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BSS 

2 
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BSS 
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BST 

A 
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BSTB 
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1 
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light, MASTER 

44242 

bSTC 

BST 

1 
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L IGHT, INDICATOR 

44243 

PSTO 

BST 

7 
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relay, TEST 
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QSTE 

BST 

0 

T39 

FUEL  TANK  X-FEEO  FAIL 
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K 

BSN 

111111111 
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3SU 

A 
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BSUb 

BSU 
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L IGHT, MASTER 
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BSU 
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T39 

relay,  TEST 
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BSU 
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L IGHT, MASTER 
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T39 

LIGHT, INDICATOR 

46  22  5 

BSHA 

BSW 

A 

T39 

LIGHT  PANEL 

44241 

eswB 

rtSW 

1 

T39 

LIGHT, MASTER 

44242 

BSWC 

BSW 

1 

T39 

L IGHT, INDICATOR 

44243 

hSwd 

BSw 

2 

T39 

PELAY, TEST 

44244 

BSWE 

BSW 

0 

T39 

CIOCUIT  breaker 

42152 

BSWF 

BSw 

1 

T39 

FUEL  QUANTITY 

BSX 

ri 

K 

BSA 

OOOllllOO 

T39 

FULL  QUANTITY 

BSX 

6SG 

AAAAAAAAA 

T39 

FUEL  QTY  INDICATION 

BSY 

BSX 

OOJllllll 

T39 

INDICATOR, FUEL  OTY 

51521 

LBSYA 

BSY 

A 

T39 

INDICATOR, FUEL  OTY 

51521 

RBSYA 

BSY 

A 

T39 

tank  unit  *7  EA< 

51522 

LBSYB 

hSY 

1 

T 39 

TANK  UNIT  %7  EA< 

51522 

RBSYB 

BSY 

1 

T39 

RFFENCE  CONDENSER 

5152? 

LBSVC 

rtSY 

A 

T39 

REFENCE  CONDENSER 

51523 

RBSYC 

RSY 

A 

T3V 

THERMISTOR 

51525 

LfiSYD 

BSY 

A 

T39 

THERMISTOR 

51525 

RBSYD 

BSY 

A 

T39 

THERMISTOR  CONTROL 

51526 

LBSYE 

BSY 

A 

T39 

THERMISTOR  CONTROL 

51526 

RBSYE 

BSY 

A 

T39 

TEST  SWITCH  J!SELECTOR< 

51524 

BSYF 

BSY 

0 

T39 

CIRCUIT  BREAKER 

42231 

BSYG 

BSY 

1 

T39 

FUEL  LEVEL  LOW  WARING 

BSZ 

BSX 

K 

BSY 

AAAAAAAAA 

T^9 

L IGHT, PANEL 

44241 

BSZA 

BSZ 

1 

T39 

L IGHT, MASTER 

44242 

BSZB 

BSZ 

1 

T39 

LIGHT, INDICATOR 

44243 

8SZC 

BSZ 

2 
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FILTER  WARNING 

BTA 

BPF 

I 

BPG 

111111111 

T39 

SW.,DIFF  PRESSURE 

23218 

BTAB 

BTA 

A 

T39 

L IGHT, PANEL 

44  241 

BTAC 

BTA 

1 
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LIGHT, MASTER 

44242 

8TAD 

BTA 

1 

T39 

LIGHT, INDICATOR 

44243 

BT  AE 

BTA 

2 

T39 

CIRCUIT  BREAKER 

42152 

8TAF 

BTA 

1 

T39 

COMM/NAV/IOENT 

C 

AAAAAAAAA 

T39 

COMMUNICATION 

CA 

C 

e 

011111120 

T39 

EXTERNAL  COMMUNICATION 

CAA 

CA 

111111111 

T39 

VHF  COMMUNICATION 

CAC 

CAA 

K 

CAF 

AAAAAAAAA 

T39 

VHF-lOl 

621C0 

CACA 

CAC 

G 

T39 

STATIC  DISCHARGER 

6211  A 

CACB 

CAC 

0 

T39 

ANTENNA 

62111 

CACC 

CAC 

a 

T39 

CONTROL 

62112 

CACD 

CAC 

8 

T39 

MOUNT 

62116 

CACE 

CAC 

0 

T39 

WILCOX  807A 

622C0 

CACF 

CAC 

D 

T39 

ANTENNA 

62211 

CACG 

CAC 

3 

T39 

CONTROL 

62112 

CACH 

CAC 

8 

T39 

MOUNT 

62216 

CACJ 

CAC 

0 

T39 

VHF  TRANSMIT 

CAD 

CAC 

333333333 

T39 

TRANSMI TTER 

62118 

CAOA 

CAD 

8 

T39 

TRANSCEIVER 

62217 

CADB 

CAD 

5 

T39 

VHF  RECEIVE 

CAE 

CAC 

8888P8838 

T39 

RECEIVER 

62117 

CAEA 

CAF 

B 

T39 

TRANSCEIVER 

62217 

CAEB 

CAE 
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CAE  A 
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AMPlIFlhH  OSCIILATOK 
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CAE(3 
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1 
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1 
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CAE 

1 
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6 3 111 

CAFE 

CAE 

i 
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MIOULATOH  HAOlU 
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CAFE 

CAh 

1 
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6 3 114 
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CAi 

1 
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6 3114 
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1 
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1 
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0 
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1 
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MCDULAIOK  HAOIO  Mll't-  hand 

6 3111’ 

CAE  T 

CAE 

1 

T30 

001  THANSMI T 

C AC. 

CAF 

3 3 3 33  3 3 3 3 

1 30 

OICIIVFH  THANS  HT4<.3A 

6 n 1 

C AGA 

CAC, 

1 

T 30 

R(.r,t  IVfcR  TKANS-v^IOt  (TANO 

6 3UM 

CAC.I3 

t Au 

1 

I 30 

UHF  HE  Cl  IVt 

CAH 

CAE 

bli(3(3(ll3»'lH 

T TO 

NORMAL  HICUVE 

C AJ 

CAM 

1 ll  11  nil 

T 30 

HICEIVIH  TKANS-Hini  I3AN!) 
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rt 
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CA 
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T39 

ELECT  FOUIP  COOLING  SHELF 

7111A 

CBA 

C6 

1 

T39 

BLOWERS 

91910 

CBB 

CB 

0 

T39 

ELECT  COMPT  GRD  BLOWER 

91911 

CBC 

CB 

0 

T30 

FLfcCT  SHELF  BLOWER 

91912 

CBO 

CB 

1 

T39 

HEAT  EXCHANGER  BLOWER 

91916 

CBF 

CB 

1 

T39 

IOeNTIFICATICN 

CC 

C 
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T3P 

lN/APX-72  SYSTEM 

69AOO 
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0 
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CCB 

CC 

e 
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CC 

■j 

T39 

COMPUTER  KIT  lA/TSEC 

GSAAC 

CCD 

Cf 

i 

T39 
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65A  AD 

CCE 

CC 

0 
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ANTENNA  UPPER/LOWFR 

65AAE 

CCF 

CC 

1 

T39 

CO-AXT  AL  CABLE 

65AAF 

CCG 

lC 

1 

T39 

Cl'NTRilL  XPONDER  SET 

65AAG 
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CC 

8 
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REC-XMITTER  RT-859 
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CC 
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65  AbA 
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CC 

8 

T39 

UECTDFR  A2 
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8 
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9 A3 
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CC 

8 
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CNCJDFR  CLOCK 
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ENCJOER  CONTROL 
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encooer  gating 
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CC 
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POWER  SUPPLY  PSI 
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MOUNT  MT-3509 
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CC 
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RE  ttSEMBLY 
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CC 
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CC 

0 
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CC 

0 
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CC 

0 
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CC 
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CC 

c 
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CC 

0 
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CD 
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CE 

CD 
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CIRCUIT  BREAKER 

71115 
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CE 

1 
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CE 

1 

T39 

FNROUTE  AIOS 

CF 

CF 
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CE 
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CF  AB 
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1 
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G 
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BEARING 
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PILOT  BEARING 
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K 
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T39 
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a 

T39 

CIRCUIT  BREAKER 
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1 
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K 
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AAAAAAAAA 

T39 
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COCKPIT  OXYGEN 

EEO 

EEB 

AAAAAAAAA 

T 39 

REGULATOR  PILOTS  2EA 

471in 

EEOA 

EEO 

1 

T39 

MASK  2EA 

4711F 

EE08 

EEO 

1 

T39 

AIR  BREATHING  VALVE  2EA 

4711G 

EEOC 

EEO 

1 

T39 

MASK-TO-REG  HOSE  2EA 

4711J 

EEDO 

EED 

1 

T39 

CABIN  OXYGEN 

EEE 

EEB 

OOJOOOCOO 

T39 

REGULATOR  PASSENGER  4EA 

4711E 

EEEA 

EEE 

1 

T39 

MASK  7EA 

4711F 

EEEB 

EEE 

1 

T39 

AIR  BREATHING  VALVF  4EA 

4711G 

EEFC 

EEE 

1 

T39 

IN-USE-VALVE  7EA 

4711H 

EEEO 

EEE 

1 
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T39 

MASK-TO-RFG  HOSE  7EA 

4711J 

EEEE 

EEF 

1 

T39 

COMPARTMENT  OPORS  TEA 

4711K 

EEEF 

EFE 

0 

T39 

OXYGEN  SHUTOFF  VALVE 

4711A 

EEEG 

LEF 

A 

T39 

OXYGEN  CONTROL  VALVE 

47118 

EEEH 

FFE 

A 

T39 

INOICAT ION 

EEG 

FEA 

111111111 

T?9 

CIRCUIT  BREAKER 

42152 

EEGA 

EFG 

1 

T39 

CIRCUIT  BREAKER 

42231 

EEGB 

EFG 

1 

T39 

PRESSURE  SWITCH 

4711B 

E5GC 

EEG 

A 

T 39 

INDICATOR  LIGHT 

4711C 

EEGD 

EEG 

1 

T39 

FLOW  INDICATOR  2EA 

4711N 

EEGE 

EFG 

1 

T39 

PRESSURE  TRANSMITTER 

47115 

EEGF 

FFG 

1 

T39 

PRESSURE  GAGE 

47117 

FEGG 

EEG 

1 

T39 

CABIN  fire  EXTINGUISH 

EF 

E 

X 

AAAAAAAAA 

T J9 

PORTABLE  SYSTE“ 

4«,230 

EF  A 

EE 

8 

T39 

BRACKET  ASSY 

49231 

EFB 

EF 

0 

T39 

GAGE 

49232 

FFC 

EF 

n 

T39 

EXTINGUISHER 

49  23  3 

EFO 

EF 

8 

T39 

FLIGHT  CONTROL 

F 

AAAAAAAAA 

T39 

LIFT  augmentation 

FA 

F 

010000030 

T39 

FLAPS  “OSITIO.NING 

FAA 

FA 

AAAAAAAAA 

T39 

INDICATOR, POSIT  ION 

51611 

FAAA 

FAA 

u 

T39 

XMITTEP, POSITION 

51612 

FAAB 

FAA 

0 

T39 

CIRCUIT  BREAKER 

42152 

FAAC 

FAA 

1 

T39 

LEFT  FLAP  POSITIONING 

LFAB 

FAA 

AAAAAAAAA 

T39 

RIGHT  FLAP  POSITIONING 

R2A8 

FAA 

AAAAAAAAA 

T39 

WING  flap  assy 

1461C 

LFABA 

LFAB 

1 

T39 

WING  FLAP  ASSY 

1461C 

RF  ABA 

RF  AB 

1 

T39 

SKIN 

14612 

LFABB 

LFAB 

0 

T39 

SKIN 

14612 

RF  ABB 

RFAB 

0 

T39 

HONtYCOMB 

14613 

LFABC 

LFAB 

0 

T39 

HONEYCOMB 

14613 

RF  ABC 

RFAB 

0 

T39 

FRAME  STRUCTUEE 

14615 

LFABO 

LFAB 

1 

T39 

FRAME  STRUCTURE 

14615 

RF  ABO 

RFAB 

1 

T39 

INBOARD  ROILER  ASSY 

14616 

LFABE 

LFAB 

3 

T39 

INBOARD  ROLLER  ASSY 

14616 

RFABE 

RFAB 

3 

T39 

OUTBOARD  ROLLER  ASSY 

1461  7 

LFABF 

LFAB 

3 

T39 

outboard  ROLLER  ASSY 

14617 

RF  ABF 

RFAB 

3 

T39 

TRACK  ASSY 

14631 

LFABG 

LFAB 

3 

T39 

TRACK  ASSY 

1H631 

RFAbG 

RFAB 

3 

T39 

LEFT  FLAP  ACTUATION 

LFAC 

FAA 

KRFAL 

COAAAAAAA 

T39 

RIGHT  flap  actuation 

RFAC 

FAA 

KLFAC 

OOAAAAAAA 

T39 

ACTUATOR 

1463  5 

LFACA 

LFAC 

A 

T39 

ACTUATOR 

14635 

RFACA 

RFAC 

A 

T39 

FLEX  SHAFT 

14632 

FAC8 

LFAC 

A 

T39 

flex  SHAFT 

14632 

FACB 

RFAC 

A 

T39 

INTERCONNECT 

14634 

FACC 

LFAC 

A 

T39 

INTERCONNECT 

14634 

FACC 

RFAC 

A 

T39 

FLAPS  CONTROL 

FAD 

FAA 

OOAAAAAAA 

T39 

SW., FLAPS 

9914A 

FADA 

FAD 

A 

T39 

SLATS  POSITIONING  ATTENUATE 

FAE 

FA 

111111111 

D-42 
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T3S 

SLATS  POSITIONING 

FAF 

FAE 

111111111 

T 39 

LFFT  SLATS  POSITIONING 

LFAG 

FAF 

111111111 

T39 

WIGHT  SLATS  POSITIONING 

RFAG 

F AF 

lllllllll 

T39 

LEALING  EDGE  SLAT  ASSY 

14710 

LFAGA 

L FAG 

1 

T 39 

LEADING  EDGE  SLAT  ASSY 

14710 

RFAGA 

RE  Ai, 

1 

T 39 

SKIN 

14717 

LFAGB 

L E Ai; 

C 

T39 

SK  IN 

14717 

RFAGB 

RFAG 

c 

T39 

TRACK 

1471C 

LFAGC 

LFAG 

5 

T39 

TRACK 

1471C 

RFAGC 

RF  Ai, 

5 

T39 

kPLLfcWS 

1471D 

LFAGO 

LFAG, 

5 

T39 

ROLLERS 

14710 

RFAGO 

RFAG 

5 

T39 

SLAT, INBOARD 

14712 

LFAGE 

1 FAG, 

1 

T39 

SL  AT  , I NBCIARO 

14712 

RFAGE 

RFAG 

1 

T39 

SLAT, IN3, INTERMEDIATE 

14713 

LFAGF 

LFAG 

1 

T39 

SLAT,IN0, INTERMEDIATE 

14713 

RFAGF 

K F AG 

1 

T39 

SLAT, INTERMEDIATE 

14714 

LFAGG 

L F AG 

1 

T39 

SI  AT, INTERMEDIATE 

14714 

RFAGG 

RFAG 

1 

T39 

SLAT, DOT  8, intermediate 

14715 

LFAGH 

L FAG 

1 

T39 

SLAT.OUTa, INTERMEDIATE 

14715 

RF  AGH 

RFAG, 

1 

T39 

bLAT  OUTROARO 

14716 

LFAGJ 

L FAG 

1 

T39 

SLAT  OUTBOARD 

1471  6 

RFAGJ 

RF  AG 

1 

T39 

FITTING, interconnect 

1471P 

lfagk 

LFAG 

1 

T39 

FITTING,! NTERCONNECT 

1471B 

RFAGK 

R F A ( , 

1 

T39 

YAW  CONTROL 

FS 

F 

0100GO03D 

T?9 

RUDDER  POSITIONING 

FBA 

FB 

A AAAAAAAA 

T39 

RUDDER  ASSY 

14510 

F8AA 

Ff»A 

1 

T39 

ROOT  RIB 

1451  A 

FBAB 

FBA 

0 

T39 

SKIN 

14512 

FBAC 

FB\ 

C 

T39 

HINGE  SUPPORT 

14515 

FBAO 

FBA 

2 

T39 

ACCESS  DOCR 

14517 

FBAE 

FBA 

0 

T39 

RUCOER  CONTROL 

FBB 

FBA 

AAA  AAA  AAA 

T39 

TMRwUE  TUBE 

14522 

FBBA 

FU3 

B 

T39 

LINKAGE 

14525 

FBBB 

FBR 

3 

T39 

CABLE 

14526 

FBBC 

FBB 

A 

T39 

FA  IRLEAO 

14527 

F6B0 

FHH 

0 

T39 

BUNGEF 

1452  8 

FBBE 

FRR 

1 

T39 

RUDDER  PEDAL  CONTROL, EA  1F2 

F0C 

FHB 

lllllllll 

T35 

PFOALS 

14521 

FBCA 

FUC 

8 

T39 

TRl M CONTROL 

FBO 

FBB 

OCOCOODOO 

T39 

TRIM  TA3 

1451  8 

FBOA 

FAD 

1 

T 39 

ACTUATOR 

14543 

FBDB 

FBD 

A 

T39 

Sw.,TRIm  SELECTOR 

14117 

FBOC 

FHD 

B 

T39 

KUDDFR  TRIM  INDICATOR 

51623 

FBOO 

FRO 

0 

T39 

RUDDER  PUSITION  XMITTER 

51624 

FBOE 

FBO 

D 

T39 

CIRCUIT  BREAKER 

42152 

FBOF 

FBD 

1 

T39 

NORMAL  TRIM  ACTIBATION 

FBE 

FBD 

FBF 

lllllllll 

T30 

SW.,TRIM  «NnRMAL< 

14541 

FBEA 

FBE 

A 

T39 

SW.,EMER  DISCONNECT  t2EA< 

14116 

FBEB 

FBE 

1 

T39 

ALTERNATE  TRIM  ACTIVATION 

FBF 

FBO 

K cBl 

A AAAAAAAA 

T39 

Sw.,TRIM  <ALTFRNATE< 

14  542 

F6FA 

FBF 

A 

0-43 
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739 

PI7CH  (;uN7K11l 

EC 

f 

OAAAAAAAO 

T39 

flfcVA7aK  PUSITIPNING 

FCA 

3C 

AAAAAAAAA 

T39 

tLfcV.\7nR  tl'N7KllL 

ECa 

FCA 

0V4444490 

T39 

PILL)7  CnN7  WHtFL/COLUMN 

lAll  1 

ECHA 

f ( ‘3 

1 

T39 

CliPUai  Ci7N7  MHfFL/CnLUMN 

19112 

ECBB 

ECB 

1 

T 39 

■3 '0  Wt  loHT  HUNGFt 

I‘rA3t 

FCBC 

FEB 

0 

T3vi 

70Pi)lir  7U13F 

1 AA3  t 

FCUD 

ECB 

B 

t 3s 

Llf'F  ELLVA7(1H  DRIVE 

LFCC 

ECB 

KRECC 

AAAAAAAAA 

T 39 

R1GH7  LLEVA7C)R  ORIVf 

RFCC 

ECB 

KLFCC 

AAAAAAAAA 

T 39 

CABLE 

19A3A 

LECCA 

1 Ecr 

A 

I 39 

CABLE 

1 AA3A 

RECCA 

REI.C 

A 

T 39 

LINKAGE  ‘ 

1AA3  3 

L ECCH 

1 FCC 

B 

r 39 

L I NKAf'.E 

1 AA3  3 

RECC8 

REEC 

8 

I 39 

HOk'ivJ 

1 AA3H 

LECCC 

LECC 

1 

I 39 

H'lKN 

1 AA3P 

KECCC 

KE(  C 

1 

T 39 

LEU  ELtVA7(m  PPS  I 7 I ON  I NC. 

LECO 

ECB 

AAAAAAAAA 

T 39 

RIGHT  eLEV47flR  PnSITIl'NlNG 

RECD 

ECB 

AAAAAAAAA 

r 39 

ELEVATOR  ASSY 

lAAlC 

LECOA 

1 ECO 

1 

7 39 

ELEVATOR  ASSY 

1 A A 1 0 

RFCDA 

PECO 

1 

T 39 

SKIN 

1AA12 

LFCDB 

L ECO 

L 

T 39 

SKIN 

1AA12 

RFCD13 

RECD 

0 

T 3 9 

HINGE  SUPPORT 

lAAl  5 

LECDC 

LECH 

2 

7 39 

HINGE  SUPPORT 

lAAl  5 

RECDC 

RECD 

2 

7 39 

HOR  STAB  TRIM  POSITIONING 

ECE 

ECA 

01  lOOOllO 

7 39 

TOROUE  TUBE 

14326. 

FCf  A 

f Ct 

8 

7 39 

STAB  POS  INDICATOR 

51625 

ECE13 

TCF 

0 

7 39 

STAB  PUS  XMITTER 

51626. 

FCFC 

ECl 

a 

739 

CENTER  SECTION  BEAM 

14325 

FCEf) 

ECl 

8 

739 

BIAS  BUNGEE 

144^5 

ECLE 

Fcr 

1 

7 39 

FLEX  SHAFT  ASSY 

14324 

ECf  E 

fCE 

A 

739 

CIRCUIT  BREAKIR 

42152 

EC  EG 

f Cl 

1 

7 39 

LEFT  TRIM  ACTUATION 

1 ECE 

ECE 

KRECE 

AAAAAAAAA 

7 39 

RIGHT  TRIM  ACTUATION 

RFCF 

ECl 

KLECE 

AAAAAAAAA 

7 39 

actuator  trim 

14322 

LFCr  A 

LECf 

A 

7 39 

ACTUATOR  TRIM 

14  322 

RECI  A 

HECE 

A 

7 39 

STABILISER  POSITIONING  EA  2 

ECG 

ECE 

AAAAAAAAA 

7 39 

HOR  STAB  ASSY 

14310 

ECGA 

ECii 

1 

7 39 

SKIN 

14312 

FCGB 

ECG 

0 

7 39 

NORMAL  TRIM  ACTIVATION 

ECH 

ECE 

ECJ 

I 1 1 1 1 111  1 

739 

SW.tTRIM  selector 

14117 

ECHA 

ECH 

A 

7 39 

SW.,IKIM  UNURMALK  *?IA< 

14113 

ECHB 

ECH 

1 

7 39 

SW.tEMER  l)ISC0NNECT«2E  A< 

1 Al  16 

ECHC 

FC.H 

1 

739 

alternate  trim 

EC  J 

ECE 

K ECH 

AAAAAAAAA 

1 39 

Sw.,TRIM  selector 

14117 

FCJA 

1 C J 

A 

7 39 

Sw.  , TRI  M tM  TERNATE< 

14115 

EC  JB 

ECJ 

A 

7 39 

R'Hl  ONTROL 

ED 

F 

oAAAAAAAO 

7 V( 

All  IRON  POSITIONING 

EDA 

EP 

AAAAAAAAA 

1 »<» 

AUER  INS  POSI  T 1 ONEO.r  A OF  2 

F DB 

EDA 

021111120 

7 Is 

aileron  assy 

14210 

EOBA 

FOB 

1 

7 39 

SK  IN 

1421  2 

FtIBB 

FOB 

0 
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I 39 

HINF YCOMB 

14213 

Foec 

roB 

0 

T 19 

C Artu  E 

14235 

FOBD 

ru3 

A 

I 39 

PUSH  8iin 

14232 

FOBE 

EDl< 

A 

1 39 

lit.  Lies  ANK 

14231 

FDBF 

r-Urt 

7 

T 39 

All  t PON  r llNTkOl 

FOC 

EDA 

AAAAAAAAA 

I 19 

i«=LLC-tANK 

14231 

FDCA 

FOC 

A 

T 39 

1 INKAviE 

14234 

FDCB 

EDC 

A 

T 19 

Plinr  CONTKPL 

FDD 

EUC 

K 

FDE 

AAA AAAAAA 

T 39 

ClMPOL  WHEEL/COLUMN 

14111 

FDDA 

FDD 

A 

T 39 

CillMlPl  CHNTRnL 

FDE 

EDC. 

K 

FDD 

AAA A A AA AA 

139 

C.INMDL  WHEEl  /column 

14112 

FDEA 

EOF 

A 

1 3 9 

T-ilM 

FOE 

FDA 

OuJCDlOOC 

I IS 

1K19  lAb 

14214 

FOFA 

EOF 

A 

T 39 

TA8  ACCESS  OOOR 

14213 

FOFB 

EDF 

0 

T 19 

IKIM  ACTUATOR 

14236 

FDFC 

FDF 

A 

139 

AIL30N  TRIM  INOICATCIR 

51621 

FOFD 

FDF 

0 

T39 

AILWON  POSITION  XMITTER 

51622 

FDFE 

FDF 

0 

T 30 

S.J.,T9IM  SELECTOR 

19117 

FDFF 

FOF 

A 

T39 

CIRCUIT  HREAKER 

42152 

FOFG 

FUF 

1 

T39 

NORMAL  trim  activation 

FOG 

EDF 

FDH 

111111111 

T 19 

SW., TRI M*N0RMAL<*2 E A< 

14113 

FOGA 

FOG 

1 

139 

SW.,EMER  DISCONNEC TtrF A< 

14  116 

FOGB 

F0(; 

1 

T 39 

alternate  trim  activation 

FOH 

FDE 

K 

FOG 

AAA4AAAAA 

T 39 

SW . t TR I MtALTERNATE< 

14115 

FDHA 

EDM 

A 

T 39 

WEIGHT  HE  DUCT  I CN 

FE 

F 

K 

BArt 

OOOOCOOlO 

T39 

SPEED  reduction  ATTENUATION 

FF 

E 

iinnui 

T39 

SPEED  RrOUCTION  ATTN 

FF 

GA 

111111111 

T 39 

SPEED  3RAKt  POSITIONING 

FFB 

FF 

000000100 

139 

SPCEL)  riPAKE  DOOR  ASSY 

146iC 

FFOA 

FFS 

1 

T39 

SKIN 

14813 

FF8B 

FFD 

C 

T39 

HINGE 

14815 

FFBC 

FFR 

A 

T39 

SUPPORT 

14816 

FFBD 

FFD 

1 

T 39 

CIRCUIT  bRFAKER 

42152 

FFBE 

FF8 

1 

T39 

SPEED  DRAKE  ACTUATION 

EEC 

FEb 

AAAAAAAAA 

T 39 

ACTUATOR  72  EA< 

14821 

FFCA 

FFC 

1 

T 19 

VALVE, SELECTOR 

14823 

FFCB 

EEC 

5 

T 39 

VALVE , SHUTTLE  *2  EA< 

14825 

FFCC 

FFC 

1 

T39 

selector  switch 

14831 

FFCD 

FFC 

A 

T39 

NORMAL  AC.TUATIUN 

FED 

FFC 

FRF 

111111111 

T39 

VALVE, THERMAL  RELIEF 

14822 

FFOA 

FFD 

? 

T39 

VALVE, CHECK 

14827 

FFOB 

FFD 

0 

T39 

alternate  ACTUATION 

FEE 

FFC 

K 

FFO 

AAAAAAAAA 

T39 

VALVE, CHECK 

14827 

FFEA 

FFF 

0 

T39 

VALVE, EMER  SELECTOR 

14824 

FFEB 

FFE 

A 

T39 

PROVISORY  ATTENUATION 

FFF 

FFb 

t 

AAAAAAAAA 

T39 

EMER  retract 

EEC, 

IFF 

K 

FFC 

AAAAAAAAA 

T39 

VALVE, OUMP 

14828 

FFGA 

FFG 

A 

T 39 

SW.,EMER  DUMP 

9914H 

FFGB 

FFG 

A 

T 39 

SW.  , SELECTOR 

14831 

FFGC 

FFG 

A 

T39 

SPEEU  DRAKE  wARNlNC; 

FFH 

FFB 

K 

FFC 

OAOOOOOOC 
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T3S 

Sw.,LI3I7 

19832 

FFHA 

EEH 

A 

T39 

L IGH7, WARNING 

19839 

ffhb 

FFH 

1 

T 39 

L ir,H7,  PANEL 

99291 

FFHC 

FFH 

1 

T39 

L IGH7, MASTER 

99292 

FFHD 

FFH 

1 

T39 

LIGHT, INDICATOR 

99293 

FFHE 

FFH 

1 

T39 

RLY.TcST 

99299 

FFHF 

FFH 

0 

T39 

GUST  LOCK 

FG 

F 

OOOCOOOOO 

T39 

GUST  LOCK  ASSY 

19911 

FGA 

FG 

1 

T39 

TtLbFLEX  CABLE  SYSTEM 

19913 

FGB 

FG 

1 

T39 

GROUND  CONTROL 

G 

AAAAAAAAA 

T39 

SPFED  CONTROL 

GA 

G 

C 

COwTCO.JAO 

T39 

SPEED  CONTROL 

GA 

GAX 

50 J000C05 

T39 

WHEEL  BRAKING  »:EA  OF 

2< 

GAA 

GA 

AAAAAAAAA 

T39 

WHEEL  BRAKING  YEA  OF 

2< 

GAA 

GAD 

AAAAAAAAA 

T39 

ROD  ASSY 

13611 

GAAA 

GAA 

8 

T39 

BELL  CRANK 

13612 

GAAB 

GAA 

A 

T39 

BRAKE  ASSY 

13  621 

GAAC 

GAA 

8 

T39 

BRAKE  CONTROL  VALVE 

13622 

GAAD 

GAA 

A 

T39 

SHUTTLE  VALVE 

13623 

GAAE 

GAA 

5 

T39 

PRESSURE  PLATE 

13626 

GAAF 

GAA 

A 

T39 

BRAKE  DISC 

13627 

GAAG 

GAA 

A 

T39 

BACK  PLATE 

13628 

GAAH 

GAA 

A 

73° 

DUAL  VALVE  ASSY 

13697 

GAAJ 

GAA 

1 

T39 

PEDAL  %2EA< 

19521 

GAAK 

GAA 

1 

T39 

PARKING  BRAKE 

GAC 

GAA 

OOJOCOOOO 

T 39 

PARKING  BRAKE 

13690 

GACA 

GAC 

8 

T39 

TELEFLEX  ASSY 

13692 

GACB 

GAC 

ft 

T39 

DUAL  VALVE  ASSY 

13697 

GACC 

GAC 

a 

T39 

differential  braking 

GAD 

GB 

K 

GBA 

OAOOOOOAA 

T39 

ATTENUATION 

GAX 

G 

1 1 1 U 1 1 1 1 

T39 

DIRECTIONAL  CONTROL 

GB 

G 

1 IOC  0001 1 

T39 

NOSE  WHEEL  STEERING 

GBA 

GP 

GAO 

1 ICOJCCl 1 

T39 

NOSE  WHEEL  STEERING 

GBA 

GBJ 

F AAAAAAAAA 

T39 

LINKAGE  •«2EA< 

1351 1 

GBAA 

GBA 

1 
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T39 

RELIEF  VALVE  AUX 

45316 

UHOD 

UHD 

1 

T39 

DUMP  VALVE  AUX 

45317 

UHOE 

UHD 

0 

T39 

SHUT  OFF  V4LVF  AUX 

45318 

UHOF 

UHD 

A 

T39 

CKT  DKR 

42152 

UHCG 

UHD 

0 

T39 

PRESSURE  INDICATION 

UHG 

UHD 

lllllllll 

T39 

CIRCUIT  BREAKER 

42225 

UHGA 

UHG 

1 

T39 

light  panel  caution 

44241 

UHGB 

UHG 

1 
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T39 

LIGHT  master  CAUTION 

44242 

UHGC 

UHG 

1 

T39 

LIGHT  INDICATOR  CAUTION 

44243 

UHGO 

UHG 

1 

T39 

GAGE  PRESSURE 

4521A 

UHGE 

UHG 

1 

T39 

GAGE  ACCUMULATOR  NORM 

4521B 

UHGF 

UHG 

0 

T39 

PRESSURE  TRANSMITTER  NORM 

45213 

UHGG 

UHG 

1 

T39 

GAGE  ACCUMULATOR  AUX 

45312 

UHGH 

UHG 

0 

T39 

PRESSURE  TRANSMITTER  AUX 

4531  5 

UHGJ 

UHG 

0 

T39 

PRESSURE  SNUBBER 

45212 

UHGK 

UHG 

0 

T39 

PRESSURE  SNUBBER  AUX 

45314 

UHGL 

UHG 

0 

CARO  COUNT  IS  00001808.  CAROS  WITH  ERRORS  00000000 
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